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STELLINGEN 
1. Het voordeel van een hoog voerniveau voor de bedrijfsprestatietoets van 
opfokzeugen dient op te wegen tegen het nadeel van een hoog voerniveau 
voor de vruchtbaarheid. 
Dit proefschrift. 
2. Het bereiken van de geslachtsrijpheid van opfokzeugen wordt meer door 
de leeftijd dan door het gewicht bepaald. 
Rerat, A. en P.H. Duée, 1975. Ubers. Tierernährg 3: 101-141. 
Friend, D.W., 1977. 3. Anim. Sei. 44: 601-607. 
Dit proefschrift. 
3. Bij het gebruik van injecteerbare bronst-stimulerende preparaten zou reke-
ning gehouden moeten worden met het gewicht en de vetheid van de zeugen. 
Dit proefschrift. 
4. Een hoog voerniveau voor zeugen na het spenen is belangrijk, niet zozeer 
om het aantal ovulaties te vergroten dan wel met name om conditieverlies 
tegen te gaan en de bronst te bespoedigen. 
Dit proefschrift. 
5. De beïnvloeding van het energiegehalte van zeugenmelk via de voeding 
is voor de biggen belangrijker dan de verschuivingen in de vetzurensamen-
stelling. 
Hartog, L.A. den, H. Boer, G.J. Noordewier en P.B.3. Linders, 1984. 
Landbouwk. Tijdschr. In druk. 
6. De verteringscoëfficiënten bij varkens van een aantal belangrijke neven-
produkten van de voedingsmiddelenindustrie, vermeld in de grote tabel 
van het Centraal Veevoederbureau, zijn overschat. 
7. Een periode van vijf dagen om mest en urine te verzamelen, na een voor-
periode van minimaal vijf dagen, ten einde de N retentie bij varkens onder 
normale omstandigheden te bepalen, is voldoende lang. 
8. Het haemoglobinegehalte als maat voor de conditie van zeugen is onbetrouw-
baar. 
Groote Schaarsberg, A.M. 1., 1983. Scriptie Veevoeding, L.H. Wageningen. 
9. Het gebruik van nylonzakjes ten behoeve van de bepaling van de verteer-
baarheid van voederbestanddelen bij varkens kan in de toekomst tot goed-
kopere en snellere bepalingen leiden. 
Sauer, W.C., H. Jiórgensen en R. Berzins, 1983. Can. 3. Anim. Sei. 
63: 233-237. 
10. Het verschil tussen fundamenteel en toegepast onderzoek is meer een 
vermeend standsverschil dan een wetenschappelijk verschil. 
11. Hoewel volgens sommigen, verteringsfysiologisch gezien, een varken een 
koe is zonder voormagen, kan even goed beweerd worden dat een koe 
een varken is met voormagen. 
12. De relatief geringe aandacht voor zoötechniek en statistiek in de opleiding 
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Mijn promotor, prof.ir. S. Boer Iwema dank ik voor de mogelijkheid om 
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The rate of reproduction in female pigs is important wi th regard to sow produc-
t i v i t y . Considerable variations in rate of reproduction between animals have 
been observed (NRLO, 1979 and Den Hartog, 1980). Her i tabi l i ty of most of 
the reproductive t ra i ts is low (Legault, 1970 and Hutchens et a l , 1981). There-
fore, the effects of environment are of considerable importance. 
Nutr i t ion can make an important contribution to these environmental factors. 
Differences due to nutr i t ion may also be of great importance for causing 
differences in variat ion in reproduction. 
The t ime of bir th and the plane of nutr i t ion during rearing appear to be of 
considerable importance for the sexual development in lambs (Dysmundsson, 
1981). McCance and Widdowson (1974) stated that there is plenty of evidence 
that moderate degrees of undernutrit ion delay the development and thus 
the attainment of matur i ty in pigs. Plane of nutr i t ion may thus also be impor-
tant for puberty in gi l ts. The relation between nutr i t ion and fe r t i l i t y in pigs 
was reviewed prior to the commencement of the tr ials (Den Hartog, 1980). 
The level of energy intake and the amount and quality of protein supplied 
to gilts were considered. The fol lowing parameters were investigated: 
- age and weight at f i rst oestrus 
- duration of oestrus 
- ovulation rate 
- conception rate 
- embryonic survival 
I t was concluded from the l i terature (see Shearer and Adams, 1973, Brooks 
and Cole, 1974, Rerat and Duée, 1974 and Den Hartog, 1980) that the various 
aspects are often confounded with each other. Effects of level of nutr i t ion 
on reproductive t ra i ts were not studied very systematically. Moreover small 
numbers of animals were used in many of the studies. Systematic investigations 
on nutr i t ional factors are lacking, especially during the period from post-
weaning up to puberty. Often, variat ion between animals was greater for 
various t ra i ts than between treatments. Studies on fe r t i l i t y require careful 
planning since effects on trai ts may have been induced before treatments 
were started or fol lowing a more recent t reatment. Effects of treatments 
early in the l i fe of the pig may have been compensated. On the other hand 
treatments may not result in effects because suff icient development had 
already taken place previously (carry-over effects). Therefore, there is a 
need for large scale experiments, start ing early in the l i fe of the pig. 
Results of studies on the influence of level of nutrition on reproductive traits, 
reported since 1950, were statistically analysed. The results of the analysis 
of energy intake on age at puberty, ovulation rate, conception rate and embryo-
nic survival in gilts are presented and discussed in chapter 1. 
Variation in nutrition during a relative short time (sometimes for a few weeks) 
may have an effect on reproductive performance. A high feeding level, during 
2 weeks before mating, resulted in an increased ovulation rate in gilts (Anderson 
and Melampy, 1972, NRLO, 1979 and Den Hartog, 1980). The effect of a 
high feeding level on the interval weaning - oestrus and the ovulation rate, 
however, is less clear in multiparous sows (NRLO, 1979 and Merks, 1980). 
Primiparous sows loose relatively more weight during lactation than multi-
parous sows. Flushing therefore may have an effect, especially in these sows 
(Brooks et al, 1975). The results of a study to determine the effect of feeding 
level during a few weeks after lactation on reproductive performance in first 
litter sows are'described in chapter 2. The weaning - oestrus interval was 
determined. The sows were slaughtered a few days after oestrus to investigate 
the effects of a short (a few weeks) low and high feeding level (k or 2.5 
kg per sow per day) on ovulation rate, the length and weight of the uterus 
and weight of the ovaries. 
The main part of the present study does not deal with the short-term effects 
of feeding level on ovulation rate but with the effects of energy intake on 
production and reproductive traits during the whole period of rearing (from 
week 12 of age). 
A high energy intake by pigs during the fattening period results in more body 
fat (Metz et al .,1980). An increased fatness of the body resulted in a younger 
age at menarche in human females (Frisch, 1975). According to Friend et 
al. (1981) and Van der Steen (1983) this relation is less clear in gilts. Studies 
on the effect of various degrees of high energy or feed intake during rearing, 
as reported in literature, resulted in many different and often conflicting 
results. A high level of feed intake in one study may be a low level in another 
study. It was concluded that fatness of the body together with the age may 
affect puberty. It can be argued that a minimum and maximum fat content 
of the body may act as a threshold and as a limit for reaching puberty, respec-
tively (chapter 1). Therefore in the present study it was decided to exclude 
protein shortage and to provide similar and sufficient amounts of protein 
to all gilts. 
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The hypothesis of "fatness threshold and limit" was tested in a large scale 
experiment with gilts. Because of the disadvantages with the experiments 
previously described, the present investigation was carried out with 680 gilts 
in 9 consecutive batches. Each trial started with pigs of 12 weeks old. 
Four energy levels (supplying on the average 3 M, 2.5 M, 2.1 M and 1.8 M, 
M = metabolizable energy required for maintenance) with similar amounts 
of protein were used to achieve differences in body fatness and to study these 
effects on reproductive performance. The levels of energy and protein allowance 
were chosen on the basis of data from the literature. In addition, balance 
trials (determination of energy and N in feed, faeces and urine) with gilts 
of 35 and 64 kg were performed to investigate the effect of differences in 
energy intake on the digestion coefficients and on the level of metabolizable 
energy (chapter 3). Two methods were used to estimate protein deposition. 
In the first method the balance technique was used. In the second method 
protein and fat deposition were calculated from rate of body weight gain and 
energy intake. The two data on protein gain calculated and determined (N 
retention * 6.25) are compared. The effect of energy intake during rearing 
from 12 until 38 weeks of age on age at which puberty is attained, is described 
in chapter 4. Due to the different energy intake during rearing, the gilts had 
a different weight at time of insemination. Therefore, nutritional effects 
of the different energy levels on later reproductive and productive results 
(carry-over effects) may occur. During pregnancy all gilts received the same 
ration (2.5 kg feed per day). It was studied whether energy intake during rearing 
affected the ovulation rate, conception rate, litter size, birth weight and homo-
geneity of the litter (chapter 5). It is important for sow productivity to produce 
a great number of litters. The effect of the energy intake during rearing on 
the longevity of the sow will be determined and described elsewhere (Jongbloed 
et al., in preparation). 
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Chapter 1 
RELATION BETWEEN NUTRITION AND FERTILITY IN PIGS 
L.A. den Hartog and G.J.M. van Kempen 
Department of Animal Nutrition 
Agricultural University 
Haagsteeg k 
6708 PM Wageningen 
The Netherlands 
Published in Neth. 3. agric. Sei. 28: 211-227 (1980) 
Reproduced by permission of the Royal Netherlands Society for Agricultural 
Science. 
Summary 
Data f rom tr ials on the influence of intake of energy and protein on fer-
t i l i t y in gi l ts were col lected. According to calculations from several of 
the tr ials a high energy intake shortly before oestrus (flushing) increased 
ovulation rate. A low energy intake during rearing resulted in a smaller 
number of ovulations than a high energy level. But most or al l of the 
favourable ef fect decreased because of a higher embryonic morta l i ty . 
The sequence low, high, low for energy level during rearing, flushing and 
early pregnancy, respectively, seemed best. However, only 3 out of 8 
possible combinations have been widely studied. 
Introduction 
Before tr ials were started, the l i terature was searched on the relationship 
between nutr i t ion and fe r t i l i t y in pigs. The fol lowing characteristics were 
examined: age and weight at puberty, number of ovulations, conception 
rate and embryonic survival. 
Much research work has been undertaken on the relationship between 
nutr i t ion and fe r t i l i t y in pigs. It is rather d i f f i cu l t to compare the di f ferent 
studies in this f ie ld because conditions in tr ials are so di f ferent : for ex-
ample the age of the pigs and the units (e.g. digestible or net 
energy) in which the requirements of the pigs are expressed are not the 
same. Another problem is that most tr ials are rather small and variation 
in animals and feeding levels may be wide. Especially for studies on fer-
t i l i t y , there is a need for large-scale experiments. Mostly nutr i t ion or 
level of feeding is only a part of a wider aim. Joosten (1979) reviewed 
l i terature about the relationship between energy and fe r t i l i t y in pigs. 
He processed the data f rom l i terature to make it as comparable as possible. 
He used only quantif ied data and expressed all the feeding levels as net 
energy rate for fattening (NE,) (MJ/d) as is usual for pig nutr i t ion in the 
Netherlands. The factors he used were: digestible energy (DE) = 0.8 x 
gross energy (GE); metabolizable energy (ME) = 0.96 x DE; NE, = 0.70 
x ME. 
In our study, we used stat ist ical methods to combine the results of di f ferent 
studies on the influence of energy intake on reproduction in pigs and summa-
rized a larger l i terature review of den Hartog (1980). 
Material and methods 
Data used for statistical processing were taken from 48 studies. The follo-
wing characteristics were used: embryonic survival, ovulation rate, age 
and weight at puberty and conception rate. The periods under study were: 
rearing, shortly before oestrus (flushing) and early pregnancy. Not all 
the possible combinations of treatments were covered in each study. Treat-
ments were always compared within each publication, since the factor 
publication brings together many variables like breed, season, housing 
and management. 
In the statistical study, the following associations between feed and repro-
duction traits were screened: 
- energy intake during rearing with age and weight at puberty 
- energy intake during rearing with ovulation rate 
- energy intake shortly before oestrus with ovulation rate 
- feeding level during rearing with conception rate 
- energy intake during different periods with embryonic survival. 
The periods were rearing, shortly before oestrus and early pregnancy. 
The results of. different studies on the relation between feed intake and 
fertility characteristics were combined by analysis of variance or covariance. 
Results and discussion 
Age andweight at__puberty 
Energy_ restriction 
A gilt should reach puberty in a good condition and at an early age. Each 
day of delay in the first litter corresponded to a decrease of 0.02 to 0.03 
piglets per sow per year (Legault & Dagorn, 1973). Before the age of 
9 months, 60-90% of gilts showed oestrus (Christenson & Ford, 1979). 
Swedish Landrace gilts reached puberty significantly earlier than Hampshire, 
Large White and Duroc gilts (p<0.01). The heritability (h2) of age and 
weight at puberty was 0.46 and 0.44 respectively (Legault, 1973). There 
are still other major factors influencing.age and weight at puberty. Factors 
which reduce age at puberty according to Hughes & Cole (1975) are: 
1. moving gilts to another pen (at a weight of about 55 kg) 
2. daily contact with a boar (from a weight of about 64 kg) 
3. genetic factors 
4. ad libitum feeding during rearing. 
Moving gilts to another pen and daily contact with a boar accelerate puber-
ty (Du Mesnil du Buisson & Signoret, 1962; review by Te Brake, 1975; 
Thompson & Savage, 1978). 
There is disagreement on the ef fect of nutr i t ion on age and weight at 
puberty (reviews by Anderson & Melampy, 1972; Brooks & Cole, 1974; 
Rerat & Duée, 1975). Table 1 shows this inconsistency. 
Table 1. Influence of energy or feed restriction during rearing on age at puberty. If the age 
at puberty was increased or decreased with 5 days or more the effect was described as un-
favourable or favourable, respectively. 
Authors who found a 
favourable effect 
Self et a l . (1955)** 
Gösset & Stfrensen (1959) 
Hafez (1960) 
Aherne et al. (1976) 
McPherson et al. (1977)** 
Authors who found 
no effect 
Christian 4 Nofziger (1952) 
Lodge & McPherson (1961) 
Sirensen et al. (1961) 
Holness (1972) 
Pay & Davies (1973) 
Etienne & Legault (1971) 
Friend (1977) 
Schilling dt Schröder (1977) 
Authors who found an 
unfavourable effect 
Robertson et a l . (1951) 
Burger (1952) 
Haines et al. (1959)** 
Zimmermann et al. (1960b)* 
Goode et al. (1965)* 
O'Bannon et a l . (1966)** 
Holness (1972)* 
Etienne äc Duée (1973)** 
Duée ót Etienne (197»)** 
Friend (1976)** 
van de Kerk & Elsinghorst (1976)* 
van Kempen (1976)* 
Schilling & Schröder (1977) 
Hermann & Richter (1979) 
Significant difference: *p<0.05; **p<0.01 
For stat ist ical processing data of the fol lowing authors were used: Robert-
son et al . (1951), Burger (1952), Christ ian & Nofziger (1952), Self et al . 
(1955), Gösset & S«Srensen (1959), Haines et a l . (1959), Hafez (1960), Z im-
merman et a l . (1960b), Lodge & McPherson (1961), Si6rensen et a l . (1961), 
Goode et al . (1965), O'Bannon et al . (1966), Etienne & Duée (1973), Pay 
& Davies (1973), Friend (1977), McPherson et a l . (1977) and Schilling & 
Schroder (1977). A t f i rst overall correlat ion coeff icients between energy 
intake and age and weight at puberty were calculated. Age at puberty 
is negatively correlated wi th average daily gain (Table 2). 
Table 2. Overall correlation coefficients (r) of energy intake during rearing with age and weight 
at puberty (n is number of trials). 
correlation of 
Age at puberty and daily energy intake 
Age at puberty and average daily gain 
Age at puberty and weight at puberty 
Weight at puberty and daily energy intake 
Weight at puberty and average daily gain 























This result is in agreement wi th data of Aherne & Price (1979), who found, 
wi th in the group that came to ovulation during their t r i a l , a negative 
correlat ion (r = -0.57; p<0.001) between age at puberty and average daily 
gain. The average daily gain for pigs that reached puberty, was lower 
than that for pigs that did not reach puberty. They gave the same amount 
of feed to all pigs. 
Analysis of covariance was performed wi th age and weight at puberty 
as dependent and publication and feeding level (high or low) as independant 
variables. Age of the gilts at the start of the t r ia l was taken as a cova-
riable. Means of (adjusted) variables at low and high levels of energy intake 
are given in table 3. Restr ictedly fed gilts reached puberty signif icantly 
later (9 days more) and with a signif icantly lower weight (19.1 kg less) 
than gi l ts on a high feeding level. 
Table 3. Relation of intake of net energy for fattening (NE.) during rearing with age and weight at puberty 
(+_ separates mean and standard deviation). 
Number of trials 
Average age at 
start (d) 
Average weight at 
start (kg) 
Average daily net 
energy intake (MJ/d) 
Age at puberty (d) 

























The number in parentheses is number of trials in which the energy intake was well defined and not only stated 
as high and low. 
'Calculated as (residual standard deviation/mean)* 100 
For correct evaluation of data it is necessary to forecast when gilts which 
did not reach oestrus would do so. Van Kempen (1976) used the method 
of adjusted data to predict the age at puberty of al l the gilts in his t r ia l 
(oestrus or non-oestrus). By adjusted data age at puberty is assumed to 
be normally distr ibuted. Age at puberty for the oestrus gilts and for all 
gi l ts di f fered from 4 to 11 days for the experimental groups. 
Elze et al . (1972, ci ted by Busch, 1976) reported that the cr i t ica l t ime 
for development of the uterus and ovaries of gi l ts is assumed to be at 
70-160 days from bi r th. According to Günther (1974), the development 
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of the different organs follows certain rules. First nervous system and 
the important organs like heart, liver, kidneys and lungs develop. Then 
the muscles, bones and udder follow. Lastly energy from the ration goes 
to the reproductive organs. 
According to this hypothesis a deficiency of energy during rearing would 
probably first be seen in a decreased fertility. For reaching puberty age 
is more important than weight. However, gilts which are very thin at 
a certain age will not reach puberty (McCance & Widdowson, 1974). At 
the other side some investigations (left column in Table 1) showed a reduc-
tion in age at puberty with feed restriction during rearing. These two 
phenomena suggest that there are minimum and maximum fat contents 
of the body required which may act as a threshold and as a limit for reach-
ing puberty, respectively. Between these limits age is the determining 
factor. Perhaps pigs with thin backfat have relatively more internal fat. 
In human females, age at menarche depends on fat deposition in the pre-
puberal phase (Frisch, 1975). 
Protein restriction^ 
For the effect of protein restriction during (part of) rearing, there is 
more agreement in the literature than about energy restriction (Table 
4). 
Table t . Influence of protein restr ict ion during rearing on age at puberty. If the age at puberty 
was increased or decreased with 5 days or more the effect was described as unfavourable or 
favourable, respectively. 
Authors who found a 
favourable effect 
Robertson et al. (1951)» 
Authors who found no 
effect 
Etienne et Legault (1974) 
Friend (1976) 
Friend (1977) 
Authors who found an 
unfavourable effect 
Holness (1972)»* 
Cunningham et al. (197'»)»» 
Duée & Etienne (197t) 
Duée (1977) 
3ones & Maxwell (197*) 
Wahlstrom & Libal (1977)»» 
Except for Robertson et al. (1951) all the authors found no effect or an 
unfavourable effect of protein restriction on age at puberty. More impor-
tant than protein content would be the content of limiting amino acids. 
Normally the first limiting amino acid for pigs is lysine. There is some 
evidence that only a severe imbalance in essential amino acids which 
reduces rate of gain may delay the onset of puberty in gilts (Friend, 1973). 
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Number__of ovulations in gilts 
Relation of energy intake during_rearijig_whji_ovuJajt_ion_rate 
Generally number of corpora lutea is used as measure of number of ovu-
lations. Errors are made when a fertilized ovum resulted in two or more 
embryos (polyembryony) or a follicle gives two or more ova (polyovuly). 
Polyembryony results in monozygotic (identical) twins. Among 80 pregnant 
sows Pomeroy (1960) found 2 with more embryos than corpora lutea. Table 
5 gives the relation between feeding level during rearing and ovulation 
rate. 
Table 5. Influence of a high feeding level during a period longer than 3 
weeks before oestrus on the number of ovulations in gilts. If the number 
of ovulations is increased by Q.5 ovum or more the effect is described as 
favourable. 
Favourable effect 
Robertson et al. 
Christian & Nofziger 
Self et al. 
Haines et al. 
Gösset & S^rensen 
Hafez 
Sórensen et al-
O'Bannon et af. 
Bazer et a l . 
Frobish & Gerrits 
Frobish 
Brooks et al. 
Etienne & Duée 
Duée & Etienne 
van Kempen 


















Goode et al. (1965) 
Significant difference: * P < 0.05 **P < 0.01 
A high feeding level during rearing generally increased number of ovulations. 
For statistical evaluation of ovulation, publications of the following authors 
were studied: Robertson et al. (1951), Self et al. (1955), Haines et al. 
(1959), Gösset & SfSrensen (1959), Hafez (1960), S(6rensen et al. (1961), 
Goode et al. (1965), O'Bannon et al. (1966), Christenson & Zimmerman 
(1966), Bazer et al. (1968), Frobish & Gerrits (1969), Frobish (1970), Brooks 
et al. (1972), Etienne & Duée (1973) and van Kempen (1976). Normally 
number of ovulations increased during the first three times of oestrus 
after reaching puberty. For this reason oestrus number (first, second or 
third) was also included as variable. Means of (adjusted) variables at low 
and high levels of energy intake are given in Table 6. 
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Table 6. Number of ovulations after low and high energy intake during rearing U separates mean 
and standard deviation). 
Low 
High 
Number of trials 
21 
21 
Intake of net energy 
<M0/d) 
15.6 + 3.4 
24.9 + 4.0 
Number of ovulations1 
11.8* 
13.2* 
•Significant difference (p<0.001). 
'Coeff icient of variation calculated as (residual standard deviation / mean) * 100 was ! 
Restr icted energy intake during rearing resulted in signif icantly fewer 
ovulations than a high feeding level. Except for two publications, the 
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energy level during rearing period (NEF in Mj/day) 
Fig. 1. Relation between energy level during rearing (x) and ovulation 
ra te (y). 
y = 0.15x + 9.41; r = 0.50; n = 44; p<0.001. 
Anderson & Melampy (1972) reviewed the results of 22 tr ials in which 
gilts received dif ferent intakes of net energy for 1-3 months before ovula-
t ion. The ' fu l l fed ' gi l ts (about 25.1 MJ NE/d) had on average 1.2 ovulations 
more than the restr ictedly fed gilts (about 16.6 MJ NE/d). 
Relat ion of_enerj^y_i_ntake__before__oestrus wi th numbero f ovulations_ 
A high feeding level before oestrus usually caused a significant improve-
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ment in number of ovulations (Table 7). A high feeding level on the day 
of oestrus had a positive ef fect on the number of corpora lutea; on the 
day after oestrus it had no ef fect . The increase with flushing on the day 
of mating could be due to rupture or regression of immature fol l ic les. 
The number of corpora lutea increased, but not the number of ovulations 
(Brooks & Cooper, 1972). 
T a b l e 7
- Influence of flushing on the number of ovulations in gilts. If the number of ovulations is increased 
or decreased by 0.5 ovum, the effect is described as favourable or unfavourable, respectively. 
Period of high feeding level 
4-21 days before oestrus 
Day of oestrus 
Day after oestrus 
Favourable effect 
Self et al. 
Zimmerman et al. 
Zimmerman et ai. 
McGillivray et al. 
McGillivray et al. 
Rigor et al. 
Short et al. 
Schultz et al. 
Schultz et al. 
Kirkpatrick et al. 
Kirkpatrick et al. 
Bazer et al. 
Moore et al. 
Naber & Zimmerman 
Brooks et a l . 
Clark et al. 
Dailey et al. 
Edey et al. 
Naber & Zimmerman 
Staigmiller et al. 
Moore et al. 
Dailey et al. 
Dailey et al. 
Emerson & Henricks 
Lodge & Hardy 
Moore et al. 
Brooks et al. 





























No (N) or unfavourable 
r van Kempen 
{ ! van de Kerk & 
Elsinghorst 
Te Brake 
Brooks & Cooper 
Brooks & Cole 
Naber & Zimmerman 
Libal et al. 
Moore et a l . 











Libal 4 Wahlstrom (1970) 
cited by Rerat <5t Duée (1975) 
Brooks et al. (1972XN) 
Significant difference: *p<0.05; **p<0.01 
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For the statistical evaluation we used results from the following authors: 
Self et al. (1955). Zimmerman et al. (1960a), McGillivray et al. (1962, 
1963), Rigor et al. (1963), Short et al. (1963), Schultz et al. (1965), Kirk-
patrick et al. (1967a, 1976b), Bazer et al. (1968), Clawson (1969), Frobish 
& Gerrits (1969), Frobish (1970), Naber & Zimmerman (1971, 1972), Brooks 
et al. (1972), Clark et al. (1972, 1973), Edey et al. (1972), Staigmiller 
et al. (1972), Moore et al. (1973), Daily et al. (1975), van Kempen (1976) 
and Emerson & Henricks (1977). First the general correlation coefficient 
(r) and linear regression of average rate of intake of net energy during 
flushing with number of ovulations were calculated (Fig. 2). The net 
energy was calculated as described by Joosten (1979) (see p 6). 
o v u l a t i o n ra te 
0 10 ? 0 3 0 
















days. In Table 
8 the means 
Fig. 2. Relation between energy level shortly before oestrus (x) and ovu-
lation ra te (y). 
y = 0.12x • 9.82; r = 0.5<t; n = 53; p<0.001. 
of the traits with and without flushing are given. 
Flushing of gilts has a positive effect on number of ovulations (+1.9). 
The extra energy intake of the flushed gilts was on average 82% more 
than of the unflushed gilts. Anderson & Melampy (1972) also found in 
their literature review a positive effect of extra energy intake before 
oestrus on number of ovulations. From various investigations optimum 
duration of the high-energy regime seemed to be 11-14 days before ex-
pected data of oestrus or mating. At a low level of feeding ovulation 
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rate in the gilt is under genetic control. Short-term increases in dietary 
energy above maintenance increase number of ovulations (Brooks & Cole, 
1974). The favourable effect depends mainly on energy. 
There were too few trials on flushing on the day of oestrus for statistical 
analysis. 
Table 8. Influence of flushing on number of ovulations (_. separates mean and standard deviation}. 
Number of trials Intake of net Number of ovulations2 
energy (MJ/d) 
Low energy intake (no flushing) 30 16.6 t * . 5 (25)' 11.8* 
High energy intake (flushing) 36 30.2 * ».0 (28)' 13.7* 
•Significant difference (p<0.001) 
1
 In parentheses , the number of trials in which energy intake was well defined and not only s tated 
as high and low. 
Coef f i c i en t of variation calculated as (residual standard deviation/mean)*100 was 8.8%. 
Relationof feeding^ level during rearingwkhcojiceptjon rate 
There is no agreement in the literature on the influence of feeding level 
on conception rate (proportion of gilts becoming pregnant). Some research 
workers (Christian & Nofziger, 1952; McGillivray et al., 1963; Myers & 
Speer, 1963) found no clear effect of feeding level on conception rate. 
Lodge & McPherson (1961) however, found a higher conception rate for 
pigs on a high feeding scheme than in controls. Conception rate was studied 
for different sequences of feeding level during rearing and flushing. 
Data from the following authors were used: Gösset & S^rensen (1959), 
Lodge & McPherson (1961), O'Bannon et al. (1966), Schultz et al. (1966), 
Bazer et al. (1968), Lodge & Hardy (1968), Frobish & Gerrits (1969), Cooper 
et al. (1973), Moore et al. (1973), Pay & Davies (1973), van Kempen (1976) 
and McPherson et al. (1977). The average conception rate in 26 trials 
was 83.2%. A restricted feeding level during rearing followed by a flushing 
gave a higher conception rate than a continuously low or high feeding 
level (Table 9). 
Relation^ of feedingJeve[_wjth__embryom£_morta_lity 
According to a literature review of Te Brake (1975) prenatal mortality 
may be estimated at about 40%. Most prenatal losses occur in the em-
bryonic period, mainly before the 25 t day after mating. During the foetal 











presumably no more than 10% (Te Brake, 1975). 
Critical periods for embryonic survival are during distribution in the uterus 
(11-13 d after mating), at implantation (13-23 d after mating) and during 
organ development (Hafez, 1959; Anderson, 1974). The greatest embryonic 
loss in farmstock seems to be at implantation, in contrast to the situation 
in rabbits, rats and mice where there are two peaks of losses, before 
and after implantation. The process of implantation is critical for correct 
balance of hormones; conditions suitable for blastocyst growth may not 
be suitable for implantation (Lamming, 1969). 
Table 9. Conception ra tes lor different sequences of feeding levels during rearing. The com-
binations of feeding levels were: low tilt mating (LL), high till mating (HH) and low during 
rearing with flushing afterwards (LH). 




Coef f i c i en t of variation calculated as (residua! standard deviation/mean)*100 was 14.3% 
Many factors influence embryonic survival. According to Webel & Dziuk 
(1974), embryonic mortality, in the first 30 days of pregnancy, does not 
result from lack of uterine capacity. They mentioned as possible causes 
for the high embryonic mortality: mistakes at fertilization or genetic 
aberrations. 
Increased ovulation rate by flushing of gilts may not always result in more 
piglets, because of an increased embryonic mortality (Gösset & Siàrensen 
1959, Haines et al. 1959, SfSrensen et al. 1961, Frobish & Gerrits 1969). 
According to some authors a high energy intake during early pregnancy 
of gilts reduces the embryonic survival (Dutt & Chaney, 1969 review Sco-
field, 1972 and van Kempen, 1973). 
For the statistical evaluation of embryonic survival, trials of the following 
authors were used: Robertson et al. (1951), Self et al. (1955), Haines et 
al. (1959), Gösset & S<Srensen (1959), Hafez (1960), Sjórensen et al. (1961), 
Short et al. (1963), McGillivray et al. (1963), Goode et al. (1965), O'Bannon 
et al. (1966), Schultz et al. (1965, 1966), Christenson & Zimmerman (1966), 
Bazer et al. (1968), Frobish & Gerrits (1969), Libal & Wahlstrom (1970), 
Frobish (1970), Naber & Zimmerman (1971), Brooks et al. (1972), Cooper 
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et al . (1973), Etienne & Duée (1973), Moore et al . (1973), van Kempen 
(1976) and Emerson and Henricks (1977). The fol lowing variables were 
taken: number of days of pregnancy at slaughter; intake of net energy 
during rearing, flushing and pregnancy unti l slaughtering; number of embryos 
alive for the pregnant gi l ts; embryonic survival (number of embryos divided 
by number of corpora lutea) and publications. In to ta l , 2k publications 
were screened. Generally a high level of energy during rearing is related 
to a high embryonic morta l i ty (Table 10). The higher feeding level during 
the flushing period resulted in more embryos per g i l t . The average stage 
of pregnancy at the t ime of slaughter was 28.0 +_ 5A days for the gi l ts. 
Table IQ. Correlation coefficients (r) of intake of net energy (NE f) during several periods 
with embryonic survival and number of embryos alive. 




Number of embryos 
alive per gilt 
-0.10 (p = 0.23) 
0.22 (p = 0.0t) 
0.07 (p = 0.29) 
Embryonic 
survival (%) 
-0.27 (p = 0.02) 
-0.09 (p = 0.2lf) 




When the duration of pregnancy was longer, the embryonic morta l i ty may 
be higher and the number of embryos alive per g i l t smaller. So duration 
of pregnancy at slaughter was used as covariable in the analysis of variance. 
A high feeding level in the dif ferent periods always gave a higher em-
bryonic morta l i ty (Table 11). Higher embryonic mor ta l i ty can result from 
a higher ovulation rate at the high energy level. 
As yet the periods under study have been considered separately, but now 
they wi l l be studied in relation to one other. A higher energy level during 
rearing and the flushing period seems to increase the number of ova shed. 
Effects of flushing may be influenced by feeding level in the preceding 
periods (carry-over effects). With three periods studied (rearing, flushing 
and early pregnancy) and two energy levels, there are 23 possible com-
binations. Not all these combinations have been studied. Only 3 combina-
tions (LLL, LHL and HHH) have been studied often (Table 12). Covariance 
analysis was used only for these 3 combinations wi th duration of pregnancy 
at slaughter as covariable. A constant low energy level gave low embryonic 
mor ta l i ty , but fewer ova were shed (Table 13). The calculated average 
number of ova shed was 12.6, 13.9 and 14.0 for the combination LLL , 
LHL and HHH, respectively. 
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Table 12. Possible combinations of period of feeding and energy level (high - H and low= L). 
Rearing period Flushing period Early pregnancy Number of trials 
L L L 26 
L L H 3 
L H L 1» 
L H H 3 
H L L 1 
H L H 0 
H H L 3 
H H H 15 
Table 13. Influence of energy level on two reproduction characteristics for the three most frequently studied 
combinations of treatments. Mean values in the same row bearing a common superscript are not different 
(ab p < 0.05) U separates mean and standard deviation). 
Sequence of 
treatment 
Duration of pregnancy (d) 
Number of treatments (n) 




Number of embryos 
alive per gilt 
Embryonic survival (%) 
LLL 
28.0 + 5.6 
26 
16.« + 3.0 (22) 
16.2 + 3.1 (23) 




28.1 + 5.6 
14 
17.9 + 3.5 (10) 
32.6 + 5.8 (11) 




29.1 + 6.8 
15 
27.0 + 2.5 (13) 
27.0 + 2.« (15) 








 In parentheses,the number of trials in which the energy intake was well defined and not only stated as high and low. 
2
 Calculated as (residual standard deviation/mean) * 100. 
A high constant level of energy was related to high embryonic morta l i ty 
and to large number of ova shed. But the number of embryos per gi l t 
was on average nearly the same as at constant low energy levels. The 
combination LHL seems to be most favourable in the short run. Though 
high-energy diets before mating increase ovulation rate, continuation of 
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To measure the effect of feeding level and induction of oestrus with 400 
I.U. of Pregnant Mare Serum and 200 I.U. of Human Chorion Gonadotropin, 
some reproductive and liveweight traits of 113 primiparous Dutch Landrace 
sows were analysed. Feeding levels during the interval from weaning to oestrus 
were 4 kg and 2.5 kg per sow per day. The number of sows in oestrus within 
21 days of weaning was 69 (61%). Within seven days of induction of oestrus 
on day 21, 43 sows were in oestrus (38%). On day 21, 37 (65%) of the better 
fed sows were in oestrus and 32 (53%) of the poorer fed group. The interval 
from weaning to spontaneous oestrus was 9.1 and 8.2 days respectively, and 
ovulation rate 15.2 and 14.8. Size of the sexual organs was not affected by 
feeding level. Rate of gain of the sows during the interval from weaning 
to oestrus was influenced by feeding level: +4.1 kg and -2.3 kg respectively, 
for the sows in oestrus within 21 days of weaning. 
Sows with induced oestrus shed significant more ova than sows in which oestrus 
was not induced (21.5 and 15.0 respectively). Loss of weight, loss of heart 
girth and loss of backfat thickness during previous lactation (absolute and 
relative) did not differ for sows with or without induction but was higher 
for sows with a spontaneous oestrus between 10 and 21 days after weaning 
than for sows with an oestrus within 10 days after weaning. Ovulation rate 
was not influenced by weight at weaning or at oestrus, weight loss during 
lactation, gain during the interval from weaning to oestrus or size of the 
preceding litter at birth. 
Introduction 
If nulliparous sows are given extra feed before oestrus ovulation rate increases 
(reviews by Den Hartog, 1980, and Den Hartog & van Kempen, 1980). In primi-
parous and multiparous sows, however, the effect of flushing is less clear 
(review by NRLO, 1979). Several studies have indicated that ovulation rate 
may be affected by body condition at mating or by weight change during 
the previous lactation (review by Brooks & Cole, 1974). A high feeding level 
after weaning would have more effect in primiparous sows because of the 
greater (relative) weight loss during lactation than multiparous sows (Brooks 
et al., 1975). The effects of feeding level of the sow between weaning and 
conception and feed requirements need to be better defined (Brooks & Cole, 
1974). Variations in nutrition from weaning until mating and during oestrus 
may influence ovulation rate. 
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However, NRLO (1979) concluded from an extensive review of the l i tera-
ture that there was hardly an ef fect of feeding level before and during oestrus 
on ovulation rate. 
Weight of the sow at oestrus is related to weight of the uterus on day 28 
of pregnancy and also to ovulation rate (Heap et a l . , 1967). The relation be-
tween ovulation rate and feeding level during the interval f rom weaning to 
oestrus needs further investigations. Therefore that interval , ovulation rate 
and size of some sexual organs were examined in relation to feeding level 
w i th primiparous sows. They generally have more problems in coming into 
oestrus than multiparous sows (Mit ic et a l . , 1967; Schlegel & Sklenar, 1971; 
van der Heijde et a l . , 1974; Kuiper & Sturm, 1975; Legault et a l . , 1975; 
Aumaitre et a l . , 1976; den Hartog, 1977). 
Materials and methods 
Animals 
The t r ia l included 121 Dutch Landrace sows raised in f ive consecutive batch-
es. They had been reared as fol lows. They were suckled for 5 weeks, with 
a creep ration which was continued ad l ib i tum unti l the age of ten weeks. 
On the basis of metabolic size, rations during rearing and f i rst pregnancy 
were 93 g/kg to a maximum of 2.5 kg per day. During their f i rs t lactat ion 
l i t ters were standardized at bir th to nine piglets. Sows were given 2.5 kg 
for the sow and 0.25 kg for each piglet (from day 21 t i l l day 35). During rearing 
and pregnancy sows were housed in groups of four and after weaning in groups 
of three. More detail wi l l be given by van der Steen (1982). If sows did not 
show oestrus within 21 days of weaning, oestrus was induced with 400 I.U. 
of Pregnant Mare Serum and 200 I.U. of Human Chorion Gonadotrophin (PG 
600®( In terve t B.V., Boxmeer, Netherlands)) intramuscularly. A l l animals were 
slaughtered within 7 days after oestrus or oestrus induction. 
Feeding level 
Af ter f ive weeks of lactat ion at weaning of their l i t te r , the primiparous 
sows were assigned to one of two feeding levels: 4 and 2.5 kg feed per day. 
To allow equal opportunity to feed at the low level , the three sows in a pen 
were fed once a day. During the whole t r i a l , the feed was formulated in 
the same way (Table 1). Once a week, feed was sampled and bulked for analy-
sis after the batch. 
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Table 1. Formulation of the feed. 
Ingredients Mass fraction (%) 
Maize 12 
Barley 18 
Soybean meal solvent extracted 15 
(with 44-47% crude protein) 
Pollards 15 
Tapioca pellets 13 
Maize gluten feed 5 
Lucerne meal 8 
Citrus pulp 5.5 
Animal fat 1.1 
Molasses 5 
Minerals/vitamins premix* 2 
Calcium hydrogen phosphate 0.4 
»Guaranteed contents: Ca 253 g/kg, P 75 g/kg, Na 60 g/kg, Cu 500 mg/kg, 
Fe 4000 mg/kg, Zn 2000 mg/kg, Mn 1200 mg/kg, Co 12.5 mg/kg, 3 20 mg/kg, 
Se 2.5 mg/kg, 35000 g retinoi equivalent/kg, 1750 g Cholecalciferol equivalent/kg, 
riboflavin 175 mg/kg, 900 mg nicotinamide equivalent/kg, pantothenic acid 
350 mg/kg, choline 12500 mg/kg, vitamin B-12 0.75 mg/kg, 235 mg ot-tocopherol 
equivalent/kg, dl methionine 10 g/kg. 
Kjeldahl nitrogen was expressed as crude protein (6.25 times the f ract ion 
of N). Ash was estimated by ashing at 550°C, crude fat by ether extract ion, 
crude f ibre by the method of NEN-3326 (1966). Gross energy was deter-
mined by bomb calor imetry (Table 2). 
Table 2. Composition of the feed as analysed and calculated. Values are mass fractions 






Gross energy content (MJ/kg) 
Net energy content (MJ/kg) by 
Rostock equation 
By analysis 
(mean + standard deviation) 
87.61 + 0.67 
6.59 • O.M 
15.11 + 0.6* 
3.26 + 0.56 
7.09 * 0 . W 










The recorded, measured and calculated traits are given in Table 3. Backfat 
thickness was measured ultrasonically. 
Statistical method 
Data were first analysed by the following model: 
Y... , =u + A. + B. + C, + (AB).. + (AC)., + (BC).. + qX... . + e... , (1) 
l jk l K l j k i) ik jk M i jk l l jk l 
in which: Y., , = dependent variable 
u = mean 
A. = feeding level (i = 1, 2) 
B. = oestrus induction (j = 1, 2) 
Ck = batch (k = 1....5) 
(AB).. = two-way interaction 
(AC)., = two-way interaction 
(BC)., = two-way interaction 
q = regression coefficient 
qX... , = effect of one covariable 
e... , = error ljkl 
The covariables tested by the model were LS, (Wp_-Ww), B T . -B T _, Ww , 
W 0 or (W_-Ww) (Table 3) with the assessment covariables and factors 
concurrently. 
After that analysis the following model was used: 
Y... . = y + A. + B. + C. + (AB).. + qX... , + e... , (2) 
l jkl K l j k ij ^ l jkl l jk l 
with A., B. and (AB)., always part of the model, and C, and one or more 
covariable(s) (qX-, ,) part of the model when their effects were significant. 
To calculate the means of the effects mentioned in Model 2, the computer 
program LSML 76 (Harvey, 1977) was used. 
Differences in standard deviation were tested by the F test (ISO-3534, 
1977). Differences in CL and IWO for the experimental groups were tested 
by the Kruskall Wallis test (Siegel, 1956), because of the heterogeneity 
of variances and the skew distribution. 
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If one of the two variables was used in calculation of a correlat ion, the 
Spearman (ranking) correlat ion coeff ic ient was calculated; otherwise Pear-
son correlat ion coeff icients were determined. 
Table 3. The traits which were recorded, measured or calculated with their abbreviation. 
Abbreviation 
Number of pigs born (LS) 
Weight at the day before farrowing ^ F i ^ 
Weight at the day after farrowing (W__) 
Backfat thickness at farrowing ( B T | ) 
Heart girth at farrowing ( H „ . ) 
Weight at weaning (W ' ) 
Backfat thickness at weaning ^ T ? ^ 
Heart girth at weaning ( H ^ J 
Weight at oestrus (W ) 
Interval weaning-oestrus {I ) 
° wo 
Weight loss during farrowing (Wp.- \ 
Weight loss during lactation (W p - - \ 
Loss of backfat thickness during lactation (B T ] -B 
loss of heart girth during lactation (H„ . -Y 
Rate of gain in the interval weaning-oestrus (W -W, 
Weight of the uterus and ovaries (W ) 
Weight of the ovaries, left and right (W ) 
Weight of the uterus horns, left and right (W ) 
Length of the uterus horns, left and right (L ) 
Number of corpora lutea, left and right (CL) 
Results 
Data f rom 112 sows were used for analysis because 8 sows had been rejec-
ted for various reasons and 1 sow was not slaughtered. The analysis wi th 
Model 1 showed that batch had signif icant ef fect on weight of the ovaries 
and length of the uterus. 
Feeding level 
Sows on the high feeding level gained more weight in the interval weaning-
oestrus than sows on the low feeding level did (Table 4). The number 
of corpora lutea increased when oestrus was induced. The proportion of 
sows in oestrus on the high and low feeding level at various t imes after 
weaning are given in Figure 1. 
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CUMULATIVE PROPORTION 
OF SOWS IN HEAT (%) 
100 r 
12 16 20 24 28 
TIME AFTER WEANING (d) 
Fig. 1. The proportion of sows in heat on the two feeding 
levels at various times after weaning. 
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More sows on the high feeding level (65%) than on the low level (53%) 
came into heat before day 21 after weaning (x2 = 2.10; P = 0.15). On 
day 10 after weaning the proportion of sows in oestrus was equal for 
the two groups. Correlation coefficients of liveweight and reproductive 
traits were compared within feeding level between sows with a spontaneous 
oestrus and sows with an induced oestrus (Table 5). 
Table 5. Coefficients of correlation (a=Pearson; b - Spearman) between weight of the sow and re -
productive performance within feeding level in 69 sows with spontaneous oestrus and <*3 
sows with induced oestrus. 
Correlation of 
LS and W p 2 (a) 
W and W (a) 
o uov 
W and W (a) 0 u 
W and W (a) 
o ov 
W and L (a) 
o u 
W and CL (b) 
o 
W and I (b) 
w wo 
W and (W -W ) (a) w o w 
CL and W (b) 
CL and L (b) 





















































•0.01 < p .f 0.10; " 0 . 0 0 1 < p « 0.01; ***p< 0.001. 
The correlations between weight of the sow at oestrus and size of the 
sexual organs were negative for the sows with spontaneous oestrus on 
the high feeding level and sows with an induced oestrus on the poorer 
ration. For the other groups, there was no significant correlation. The 
ovulation rate was always positively correlated with the size of the sexual 
organs, but there was no correlation between weight of the sow at oestrus 
and ovulation rate. Data on body measurements of the sows with spontane-
ous and induced oestrus are given in Table 6 where there were no signifi-
cant differences in relative and absolute characteristics of weight change 
for the two groups. Sows with a spontaneous oestrus between day 10 and 
day 21 after weaning had lost more weight, more backfat, and more heart 
girth during lactation and were in poorer condition at weaning than sows 
with an oestrus within 10 days after weaning. 
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Table 6. Characteristics of weight change for sows with spontaneous and induced oestrus 












<p < 0.05) 
Number of sows 
Weight loss during farrowing (kg) 
(wF1-wF2) 
Loss of heart girth during lactation (cm) 
<HG i -HG 2> 
Loss of backfat thickness during 
lactation ( m m ) ( B T | - B . J 
Weight loss during lactation (kg) 
Weight at weaning (kg) (W ) 
Backfat thickness at weaning (mm) 
(BT 2 ) 
Heart girth at weaning (cm) ( H - - ) 
Relative loss of weight during 
farrowing (%) [ ( W R - W F 2 ) / W F 1 ] x l 0 0 
Relative loss of heart girth during 
lactation (%) [ ( H G 1 - H G 2 ) / H G j ] x l 0 0 
Relative loss of backfat thickness 
during lactation (%) [ (B T 1 -B T 2 ) /B T [ ] x l 00 
Relative loss of weight during 









147.5 + 13.7 








31.7 + 10.') 
18.7 + 5.0 
44 
18.9 + 5.4 
12.6+ 3.9 
6.8 + 2.1 
35.2 +_ 9.3 
146.7 +10.9 
14.1 i 4.0 
110.9+ 4.3 
9.4 + 2.4 
10.2 + 3.0 
32.9 + 10.7 
19.2 + 4.5 
Season 
Effect of batch on length of the uterus horns (p < 0.001) and weight of 
the ovaries (p < 0.01) was signif icant (Table 3). The sexual organs tend 
to be heavier and longer in winter than in summer and intermediate in 
spring and autumn. Fahmy et a l . (1979) found that season of farrowing 
had signif icant ef fect on length of the interval f rom weaning to oestrus, 
w i th the shortest interval in autumn and the longest in spring and summer. 
There was no e f fec t of batch on the interval f rom weaning to oestrus 
nor on the proportion of sows in oestrus wi th in 21 days after weaning 
(Table 7). 
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Table 7. Proportion of sows in oestrus within 21 days of weaning and interval form weaning 
to oestrus for those sows of each of the five batches (mean + standard deviation). 
Time of t r ia l Number of sows 
June and July 1979 21 
September and October 1979 24 
December 1979 24 
March 1980 30 












Interval from weaning 
to oestrus (d) 
8.8 + 5.0 
9.1 +5.7 
9.0 +4.0 
7.5 + 4.2 
9.6 + 6.2 
8.8 +4.9 
Size__of the sexual organs 
The weight of the uterus or ovaries was not affected by the weight of 
the sow at weaning or at oestrus, by the weight loss during lactation, 
or the rate of gain in the interval from weaning to oestrus (standardized 
regression coefficient for W was 0.25 for W 0.22 and for W 0.27). 
uov u ov 
Sows with induced oestrus had longer uterus horns (p < 0.01). The length 
of the uterus horns was positively related to litter size and weight loss 
of the sow during the previous lactation (p < 0.05). 
?L?!?_PJ Ja?'1] 
Rate of gain from weaning to oestrus was affected by feeding level 
(p < 0.001) and by the need for induction (p < 0.001). The interval from 
weaning to oestrus was on average 2k days with induced oestrus and 8-9 
days with spontaneous oestrus (p < 0.001). 
Sows with a 'low weight' at weaning and sows with a 'great weight loss' 
during lactation gained more during the interval than sows with a higher 
weight or with a smaller weight loss (p < 0.001). 
Interv_al__f_r_orn weaning to oestrus 
Influences on the interval from weaning to oestrus were tested for sows 
with a spontaneous oestrus. Feeding level and preceding litter size did 
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not influence the interval. It was positively related to weight loss during 
lactation (p < 0.001) and negatively with weight of the sow at weaning 
(p < 0.02). 
Discussion 
Effect of feeding level on oestrus 
Sows should reach oestrus soon after weaning. The interval from weaning 
to oestrus was not affected by feeding level after weaning. This agrees 
with the results of the literature review by NRLO (1979). The proportion 
of sows in oestrus increases faster between day 9 and day 21 after weaning 
for the better fed group than for the poorer fed group. In trials of Brooks 
& Cole (1972) and Fahmy & Dufour (1976), the number of the sows in 
oestrus within 7-10 days after weaning was increased with a high feeding 
level, but Etienne et al. (1976) found no difference. Dijck (1972), however, 
found a smaller variation in the interval from weaning to oestrus when 
feeding level was high. It is not clear from literature whether sows that 
do not come into oestrus are not stimulated enough for follicular growth 
or whether their ovaries do not react to the stimulus. 
Effect of feeding level on size of sexual organs 
Feeding level did not have a significant effect on the weight of the ova-
ries. This agrees with the results of Etienne & Legault (197*f) and Fahmy 
& Dufour (1976) in gilts and sows flushed over a longer or shorter time. 
Feeding level did not influence the length of the uterus and the weight 
of uterus and ovaries together. Heap et al. (1967) found no relation between 
feeding level during early pregnancy and length or weight of the sexual 
organs 28 days after mating. Weight of the empty uterus (y in g) 28 days 
after mating increased with weight of the sow at mating (x in kg) : y 
= 671.6 + 4.61x (p < 0.05). There was no significant relation between weight 
of the sow and length of the uterus. For the sows with a spontaneous 
oestrus on the better ration and sows with an induced oestrus on the poorer 
ration the relation between weight at oestrus and size of the sexual organs 
was negative (Table 5). The correlation of litter size at birth and weight 
of the sow after farrowing was negative for the first group and positive 
for the last. So the relation between litter size and weight after farrowing 
can not explain the relation between weight at oestrus and size of the 
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sexual organs. In the poorer fed sows with a spontaneous oestrus and the 
better fed sows with an induced oestrus there was no clear relation be-
tween weight of the sow at oestrus and size of the sexual organs. 
§ilef-J:__2t_iee^n^-i?Y?i_pp_-2Yy]?ïioQ_r§J:e__a']^__rat_e__o! Äajn_2i.^!?_e__fp.^ 
On the basis of the literature, NRLO (1979) found no clear effect of high 
feeding level after weaning on the ovulation rate. Dijck (197*0 also found 
that flushing in primiparous sows mated at first oestrus did not affect 
ovulation rate. According to van der Heijde & Lievens (1977), there was 
only an effect of flushing on the ovulation rate in sows after a period 
of undernutrition. Some authors, however, have found a significant posi-
tive relation of ovulation rate with: weight at weaning (Moody & Speer, 
1971), weight at oestrus (Heap et al., 1967) and rate of gain during the 
interval from weaning to oestrus (Hardy & Lodge, 1969). Hardy & Lodge 
(1969) also found a significant inverse relation of weight loss during the 
previous lactation period with ovulation rate. King and Young (1957) how-
ever, found no significant relation between weight of the sow and ovulation 
rate. 
Feeding level, weight at weaning and weight loss during lactation had 
an effect on the rate of gain during the interval from weaning to oestrus. 
If a sow, during the first month after weaning, does not gain 1^0-150 
g/d, oestrus will be difficult to reach (MacClean, 1969; review by Ras-
bech, 1969). 
Induction of oestrus 
Whether sows show spontaneous oestrus within 21 days after weaning 
is not only related to condition of the sow at weaning as expressed by 
weight of the sow, backfat thickness or heart girth. For sows with a sponta-
neous oestrus, feeding level between weaning and mating stimulates the 
onset of oestrus for sows with a poor condition. With induced oestrus, 
the greater length of the uterus could result either from the longer interval 
or from induction. Within the sows with spontaneous oestrus there was 
no relation between length of the interval weaning to oestrus and length 
of the uterus. This suggests that the difference is due to the induction. 
The positive relation of litter size at birth with size of the sexual organs 
at oestrus would be explained by the increased development of the uterus 
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during last pregnancy in spite of involution, which would be complete 
four weeks after farrowing. Size of preceding litter at birth was not related 
to the interval from weaning to oestrus, as was found by Legault et al. 
(1975). 
High feeding level necessary befqremating 
A high feeding level in normal sows after weaning must be used, not 
to increase ovulation rate but to improve the condition of the sow and 
to advance oestrus. The number of sows in oestrus within 21 days of wea-
ning was greater for sows on a high feeding level. Improved condition 
must be obtained before mating since a high feeding level early in preg-
nancy can be unfavourable for the embryonic survival (see review by Den 
Hartog & van Kempen, 1980). The increased number of sows in oestrus 
with better feeding could result from an extra stimulation of the hypo-
physeal-hypothalamic system or of the ovaries by increased glucose concen-
tration of blood. Flushing of gilts may increase glucose in blood (Zimmer-
man et al., 1958; Kirkpatrick et al., 1967). 
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Summary 
Two tr ials with 16 gilts of 35 kg and 16 gilts of 64 kg were carried out to 
determine the effects of supplying di f ferent amounts of energy combined 
wi th similar amounts of protein on metabolizable energy content of the rat ion. 
The rations were prepared by mixing two basal feeds in di f ferent ratios. 
Four di f ferent energy levels were used in which energy was expressed as 
mult iples of maintenance (M) requirement (treatments: 1 = 2.8 - 3 M, 2 = 
2.4 - 2.6 M, 3 = 2.1 - 2.2 M and 4 = 1.8 - 1.9 M). Digest ibi l i ty of energy 
was not influenced by treatment (mean 83.5%). However, the di f ferent t reat -
ments consisted of diets made up with various ratios of two basal feeds. 
Feed components (except protein) were signif icantly better digested in animals 
at a heavier weight (e.g. energy 3.2 and crude f ibre 5.7 percentage units). 
However, the rations of weight class 2 were based on a di f ferent rat io of 
the basal feeds than the rations of weight class 1. Metabolizable energy con-
tent of the rat ion was similar for the four diets (mean 12.4 kJ.g ). Af ter 
correct ing for differences in feed composition the metabolizabi l i ty tends 
to be slightly depressed at the high levels of energy intake. Protein gain 
was determined for each gi l t . The. protein and fat gain were calculated f rom 
the rate of gain and daily energy intake at the same amount of digestible 
protein intake, protein gain was reduced at a level of energy intake below 
2.5 t imes M. These results indicate that protein was used as energy source. 
Fat gain was influenced far more by feeding level than protein gain. Fat 
gain was diminished when energy intake was reduced. 
Introduction 
Factors af fect ing the digestibi l i ty of nutrients have been investigated in many 
studies (Kidder and Manners, 1978). The ef fect of feed intake on nutr ient 
digestibi l i t ies is less clearly established. Some investigations have shown an 
inverse digestibi l i ty wi th an increasing level of feed intake (Cunningham et 
a l . , 1962, Close et a l . , 1983 and Roth and Kirchgessner, 1984). From other 
studies i t appears that feed intake does not af fect digestibi l i ty as long as 
overfeeding is avoided (Dammers, 1964 and Peers et a l . , 1977). The composition 
of the feed clearly affects the digest ibi l i ty of the nutrients (see review Kidder 
and Manners, 1978 and Fernandez et a l . 1979). The digest ibi l i ty of nutrients 
can also be af fected by the weight or age of the pigs (Nordfeldt, 1954; Fer-
nandez et a l . , 1979, Wenk, 1982 and Roth and Kirchgesssner, 1984). There-
fore, in order to estimate the intake of digestible or metabolizable energy 
i t is necessary to know the composition of the feed, the feeding level and 
the weight of the pigs. 
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Den Hartog (1984) performed an experiment with 680 gilts using four differ-
ent levels of energy intake, while the protein intake remained the same, 
to study the effects of energy intake on the development of body weight 
in relation to reproduction. 
The intake of metabolizable energy and the rate of gain at various feeding 
levels must be known accurately in order to calculate fat and protein gain 
(Cöp, 1974). 
In order to calculate the metabolizable energy (ME) content of the ration 
supplied at the various levels of feed intake, composed from two basal diets, 
it was decided to determine the digestibility and the metabolizable energy 
content of these different rations. This experiment was performed with two 
weight classes of animals. 
In addition, the nitrogen balance in growing pigs was determined to compare 
protein gain by the balance technique with protein gain by the method of 
Cöp (1974). 
Material and methods 
Animals 
32 Dutch Landrace (DL) gilts from the herd of the Agricultural University 
were used. Animals were weaned at 5 weeks of age. Creep feed was given 
until 10 weeks of age. Thereafter, a high feeding level (treatment 1) was 
given until two weeks before transferring them into cages suited for collection 
of urine and faeces. During the two weeks the gilts were fed the mean level 
of the four treatments. The trial commenced when the gilts weighed either 
35 kg or 64 kg (defined weight classes 1 and 2, respectively). The gilts were 
randomly allocated to feeding level treatments. They were fed once daily 
according to body weight. Water was freely available. 
Feeding 
Four different treatments were applied. Treatments differed with respect 
to energy level above the maintenance requirement. Protein allowance was 
similar in all treatments. 
Protein 
Lysine is usually the first limiting amino acid for growing pigs (ARC, 1981), 
therefore the requirement of this amino acid is taken as reference for the 
supply of protein. 
Lysine supply (g.d~ ) = protein gain : ) x 0.0722) x 2.2') in which: 
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) daily protein gain was assumed to be related to live weight (W) according 
to the equation of Van Kempen and Den Hartog, (1979, unpublished data). 
This equation was obtained from results of balance trials with 95 crossbred 
pigs, as follows: 
protein gain (g.d"1) = - 0.0088W2 + 1.8218W + 45.4831 equation 1 
It was decided to use equation 1 as the study was carried out with modern 
type pigs. This equation will give slightly higher protein gain than the aver-
ages in the literature review of Berschauer (1977). However, Berschauer 
also used older data obtained from pigs of a more fatty type. 
2) prote in in the body conta ins 7.2% lysine (Oslage and Schulz, 1977) 
3) t o ensure maximum protein gain even when prote in was used as an energy 
source , an excess of 120% was given over and above the amount of lysine 
depos i ted in the protein gain. 
Energy_ 
For all treatments maintenance requirement of the animals housed in the cages 
was assumed to be 460 kj ME.W~3'4 (ARC, 1981). 
§JleEëXA4£PiY_iPr_ J^CS^1-'.?!} purposes differed between the four treatments. 
Energy supply was calculated from energy required for the deposition of 
protein and fat for all the animals in treatment 1. Treatment 1 was thought 
to be adequate for protein and fat deposition at a high rate of gain. Protein 
deposition was calculated from live weight with equation 1. Fat deposition 
was calculated from the live weight (W) on the basis of summarized litera-
ture data (Cöp, 1974). From Cop's data it can be derived that in ad libitum 
fed pigs about 4 g fat per kg body weight (W) is deposited daily: fat gain 
(g.d" ) = 4 W. In gilts of 25 kg therefore, about 100 g of fat is deposited 
daily and in animals of 100 kg about 400 g of fat daily. Although castrated 
males may deposit more fat than gilts, the difference between sexes in the 
weight ranges studied here will be of minor importance (Cöp, 1974). Therefore 
the mean as derived by Cöp was used. In order to calculate the daily require-
ment of metabolizable energy (ME) for protein and fat deposition it is neces-
sary to know the energetic efficiencies. Protein retained from ME intake 
was calculated with an assumed partial efficiency (k ) of 54% (ARC, 1981). 
Energy deposited in fat was assumed to have a partial efficiency (k,) of 74% 
(Kielanowski, 1972b; Fowler et al., 1979; ARC, 1981 and Close and Verstegen, 
1981). Energy required for protein and fat deposition was calculated using 
these partial efficiency values. 
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Treatments 2, 3 and f d i f fered with respect to the supply of energy above 
maintenance and these levels were 75, 56.25 and f2.18%, respectively, of 
that in treatment 1. This resulted in a calculated to ta l energy intake of about 
3, 2.5, 2.1 and 1.8 t imes maintenance for treatments 1 to <t, respectively. 
In order to obtain the same protein supply on al l t reatments the rations used 
for preparing the four treatments were made up by mixing two basal feeds 
in di f ferent ratios. The composition of the basal feeds is given in table 1. 








Soybean meal solvent extracted 
(with kk-k7% crude protein) 
Meat meal tankage(<12.0% crude fat) 
Fish meal (8.3% crude fat) 
Dried potato protein 
Limestone 
Calcium hydrogen phosphate 
Salt 
Minerals/vitamins premix ) 
Calculated contents 
Energy <MJ ME.kg ) 






























l) Guaranteed contents: Ca 197 g/kg, P 108 g/kg, Cu 2000 mg/kg, Mn 4800 g/kg, 
Zn 8000 mg/kg, Fe 16.000 mg/kg, Co 50 mg/kg, : 80 mg/kg, Se 10 mg/kg, 
14.000 y g retinol equivalent/kg, 7000 u g cholecalciferol equivalent/kg, riboflavin 
700 mg/kg, 3600 mg nicotinamide equivalent/kg, pantothenic acid 1400 mg/kg, 
choline 50.000 mg/kg, vitamin Bi 2 3 mg/kg, 940 mg a-tocopherol equivalent/kg, 
dl methionine 40 g/kg. 
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The net energy contents were calculated from chemical composition and 
digestibility coefficients of the Dutch feeding table according to Schiemann 
et al. (1971). For reasons of simplicity the ME was calculated from the net 
energy by using the value of 70%. This value is based on a summary of many 
experiments reported in the literature (Cöp, 1974). This approach results 
in a calculated ME content of 13.8 and 10.5 for feed A and B, respectively. 
The daily amount of the basal feeds in the rations was calculated from the 
following equations: 
energy requirement in MJ ME.d = 13.8 A + 10.5 B 
lysine requirement in g.d = 2.65A + 32.24B 
in which A and B are kg.d of the basal feeds. 
In table 2 details about the intake of feed components for the four treatments 
are given. 
Table 2. Number of balances, initial live weight (kg) and intake of feed and feed components 
treatment 
number of balances 
ini t ia l live weight (kg) 
feed intake (kg.d" ) 
feed A/feed B ratio 
measured energy intake (MJ ME.d ) 
calculated energy intake (MJ ME.d ) 
feeding level (Multiples of 
maintenance requirement) 
protein intake (g.d ) 
crude fibre intake (g.d ) 
energy t o protein rat io (kJ ME.g ) 


























































































Digestibility and balance trial. 
Each gilt was allowed an adaptation period for five days to its ration after 
being transferred into the cage. Thereafter, digestibility and metabolizability 
of the ration were determined during a five day total collection period (period 
1). Each animal was then reassigned to another treatment followed by an 
additional adaptation period of five days. Then, a similar procedure was fol-
lowed (period 2) as during period 1. Sixteen animals were used in each weight 
class. The experimental design is presented in table 3. Each gilt was thus 
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Table 3. Experimental scheme for the two 
Animal number 
Period 1: treatment 











































subjected to two col lect ion periods representing two di f ferent treatments. 
Faeces and urine were collected separately with the use of a metal plate 
which divided urine f rom faeces direct ly after urine was voided and lead 
i t into a container. 100 ml of 25% HLSCK was put in the container before 
col lect ion of urine started. Faeces was preserved by adding formaline (4 ml 
daily). Nitrogen was determined by Kjeldahl in feed, faeces and urine and 
was expressed as crude protein (6.25 x N). 
The ash content of feed and faeces was determined by ashing at 550°C. Crude 
f ibre was determined by the method of NEN-3326 (1966). Crude fat in the 
îthylether extract ion after t reatment with HCl . 
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:ast squares method (Nie et al . , 1975). First i t 
lent in period 1 had an ef fect on the treatment 
t). The effects of previous treatment and effects 
were not signif icant (p > 0.05). 
I again with t reatment and weight class as factors 
id between treatment and weight class (p > 0.05). 
feed components for the animals in both weight 
s 2. Crude f ibre was associated wi th a high energy 
t; unfortunately protein intake appeared to di f fer 
s. The planned energy intake was 3M, 2.5M, 2.1 M 
;rgy intake di f fered somewhat with that. Energy 
s of maintenance requirement was higher in weight 
-50-
class 2 than in weight class 1. The contents of lysine analyzed appeared not 
to be the same as the calculated contents. The lysine content in g.kg" calcu-
lated and analyzed for feed A were 2.7 and 3.1, respectively and for feed 
B they were 32.2 and 29.7, respectively. Despite this difference however, 
the energy to protein 
feeding level (table 2). 
ratio (kJ.g ) in the diet decreased clearly at a lower 
Digestion and metabolizability 
The effects of treatment and live weight on apparent digestibility of feed 
components and energy are presented in table 4. The effects of treatment, 
although treatments consisted of different ratios of two basal feeds, and 
weight class on the digestibility of the major nutrients and on the level of 
metabolizable energy were significant in many cases (p < 0.05). At the treat-
ments with higher energy intake the digestion coefficients of crude protein 
and crude fibre were lower than at the treatments with a low energy intake 
(p < 0.01). The digestibility of energy, organic matter and crude fat were 
not significantly influenced by treatment. 
All coefficients of digestion were higher in animals of weight class 2 
(p < 0.05) compared with animals of weight class 1. However, the apparent 
digestibility of protein was not different between these classes. According 
to the different ratios of the basal feeds an ME content of 13.10, 12.92, 
12.77 and 12.58 kJ.g was expected from table 1 for the four treatments, 
respectively. The measured ME content of the feed was similar for the four 
treatments: 12.46, 12.47, 12.37 and 12.26 kj.g , respectively. By considering 
the difference between the expected and the measured values an increased 
difference at a higher energy level is found. This at least suggests a slight 
depression of metabolizability of the energy at a higher energy intake. Correc-
ting the ME content towards zero protein gain did not explain the differences 
that were observed. As a result the increased supply of digestible and metabo-
lizable energy, the heavier gilts (weight class 2, 65-75 kg) consumed per 
gram feed 0.65 k3 ME more than the gilts in weight class 1 (35-45 kg). Ir-
retention increased significantly for treatments with high energy intake and 
was highest for weight class 2 (table 4). A smaller portion of digested protein 
is retained at treatments with a low level of energy intake (table 5). The 
determined protein (based on N balance) gain for animals with treatment 
1 was only slightly higher than calculated according to equation 1 (weight 
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Table 5. Percentage of digested protein which is retained 
















Development of pigs depends on conditions of the environment, on feeding 
level and composition of the feed and on animal traits. It can be stated that 
the value of a ration given to a pig depends on those characteristics. Therefore 
it is important that the feeding value is determined with the kind of animals 
at the feeding level and composition which will be used in the experiment 
of Den Hartog (1984). It had been decided that protein allowance should be 
similar for pigs given various energy levels. This had as a consequence that 
the components of the feed are not the same in the various rations. However 
ME content of the basal feeds were similar to that assumed (see table 1). 
From the data in table 2 it was computed that ME content of feed A was 
13.4 kj.g"1 and for feed B it was 10.1 kj.g"1 . 
Digestibility 
Feeding level 
Results of the digestibility trials indicate that a high energy level does not 
necessarily reduce the digestibility of energy. This agrees with results of 
studies by Dammers (1964) and by Peers et al. (1977). Digestibility of some 
feed components was reduced somewhat in treatments with a high energy 
intake (protein, crude fibre). However, it may also be the result from differ-
ences in level of crude fibre intake (table 2) and sources of crude fibre (table 
1), since different ratios of feed A and feed B were applied. The increase 
of apparent digestibility of N at a lower energy intake may also be due to 
the relative smaller contribution of Metabolic Jfaecal _Nitrogen (MFN) (Van 
Soest, 1982). Since after the correction for MFN (2 g N per kg dry matter 
in the ration, Homb, 1972) the true digestibility of N did not differ signifi-
cantly between treatments. 
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Crude fibre digestibility was lowest at the high energy level. This may be 
a true effect of energy intake, as observed by Cunningham et al. (1962). 
As stated previously the differences in digestibilities associated with the 
levels of energy intake have to be interpreted with respect to the rations 
made up from two basal feeds differing in composition. 
Ag? 
An increase in age (live weight) was found to be associated with an increased 
digestibility of all components (p < 0.05) except for protein. It should be noted 
that the rations of weight class 2 had another ratio of the basal feeds than 
those of weight class 1 (see table 2). The differences in digestibility between 
the weight classes could be attributed to this. Fernandez et al. (1979); Wenk 
(1982) and Roth and Kirchgessner (1984) also found that increase in weight 
of the pigs is associated with an increase in the digestibility of feed compo-
nents. 
Metabolizability 
Losses of CHL were considered to be negligible, since they are 0.7% or 
less when related to the intake of gross energy (Van Der Honing et ai., 1982). 
Metabolizability of gross and digestible energy was clearly depressed in the 
treatments with a decreased energy intake. However, the difference between 
the highest and lowest level of energy intake was less than expected. It was 
found that the difference in ME/GE ratio between treatment 1 and 4 was 
1.5% (table 2) and it was expected that this difference would be 3.6% (calcu-
lated from ME expected and GE found). This suggests that at the treatments 
with high energy intake the metabolizability of the energy was slightly depres-
sed. Metabolizability of digestible energy was lower in animals of about 35 
kg because ratio of protein to energy in the diet of these animals was higher 
as in animals of about 64 kg. 
Fat and protein deposition 
Variation in the ratio between fat and protein deposition in growing pigs 
can be achieved by varying the level of energy intake (Thorbek, 1975; Gütte 
et al., 1979 and Metz et al., 1980). 
Composition of the gain in fat and protein was calculated from rate of gain 
and energy intake. 
Ash deposition and increase in gut-fill were assumed to be 3 and 5 percent, 
respectively, of the total weight gain (Whittemore and Fawcett, 1974). 
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The ratios of ash to protein and water were assumed not to be affected (Glitte 
et al., 1979). Protein and water deposition are closely correlated and de-
pended on weight. Cöp (1974) analyzed energy balance data derived from 
the literature and found that the ratio of water + protein to protein content 
of pigs from 2 to 150 kg could be formulated by: 
0 - 8 3 6 0 . 9 5 " i 
1.030 W + 0.176 W 
^JJ- equation 2 
0.176 W 
in which W = weight in kg 
From the ratio in equation 2, the increase in gut-fill and ash deposition, 
equation 3 can be derived: 
1.030 W°- 8 3 6
 + 0.176 W0-9 5* 
0.92* rate of gain = F + ( ) *P, equation 3 
0.176 W 0 ' 9 5 " 
in which: F = gain in fat (g.d ) 
P = gain in protein (g.d ) 
W = body weight (kg) 
Energy required for production was calculated from the energy cost of fat 
and protein deposition (54 and 44 kj ME, respectively): 
energy for production (kj ME intake - ME ) = 54*F + 44*P, equation 4 
in which ME = 460 kJ.W"3/4 
m
 -1 
F = gain in fat (g.d ) 
p = gain in protein (g.d ) 
The daily rates of gain in fat and protein were calculated with equation 3 
and 4. Protein gain calculated from equation 3 and 4 and protein gain deter-
mined from N-balance are presented in figure 1. With the exception of t reat -
ment 4 the rate of protein gain determined by both methods was higher in 
weight class 65-75 kg compared with weight class 35-45 kg. 
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Figure 1. Protein balance (N retention x 6.25) and calculated protein gain in the 
two weight classes. 
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Figure 2. Rate of gain and calculated fat gain in the two weight classes. 
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Protein gain determined by the balance technique is 5-25% higher than protein 
gain obtained from slaughter technique (3ust Nielsen, 1970). In the present 
study such a difference was found when the results obtained with N balance 
method (N-retention * 6.25) were compared with those obtained by calculation. 
Calculated protein gain was derived with results of slaughter trials by the 
method of Cöp (1974). However, in relative terms the two different methods 
were able to show similar differences due to treatments. The daily rate of 
gain and the fat gain estimated with equation 3 and 4 are given in figure 
2. Fat gain is closely associated with feeding level and weight class. Inter-
action of weight class with feeding level was significant (p < 0.001). Fat 
gain at the highest energy level in period 1, was 48% of that in period 2, 
while the percentage for the lowest level was 44. Table 6 presents the coeffi-
cients of correlation between protein gain and rate of gain. The correlation 
coefficients between protein gain as determined by both methods ranged 
from 0.42-0.63 and were lower than correlation coefficients between N-bal-
ance and rate of gain. Calculated protein gain was related more to the rate 
of body weight gain than to the measured protein gain. This can be expected 
because these characteristics are partly autocorrelated. 
Table 6. Coefficients of correlation between protein gain and rate of gain 
Calculated protein gain 
and N-balance 
Calculated protein gain 
and rate of gain 























The aim of the experiment of Den Hartog (1984) was to study the effect 
of a reduction in energy intake on the development of gilts. It was tested 
whether an equal N-intake resulted in equal protein gain. Results showed 
that at the low energy level, protein gain is reduced (figure 1). This means 
that protein gain is reduced at limited levels of energy intake despite of 
the abundancy of protein in the feed. 
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Pigs fed a low energy level are not able to express their full genetic capacity 
for protein deposition (Kielanowski, 1972a; Metz et al., 1980). Apparently, 
energy intake levels at 1.8 and 2.1 times maintenance (1.8 M and 2.1 M) 
are too low for high protein gain. The present experiment also showed that 
at the low level of 1.8 M, the estimated fat deposition was 56 and 129 g.d 
in the two weight classes, respectively. Apparently, protein will only be depo-
sited at a maximum rate if fat can be deposited at a level as high as the 
maximum protein gain (fig 1 + 2). 
Wenk et al. (1976) found that at a high feeding level the extra fat is mostly 
deposited intra-muscuiar. In addition, Metz et al. (1980) found that energy 
restriction in pigs affected muscular protein deposition less than total body 
protein deposition. Any effect of nutrient restriction of pigs may have a 
different consequence for development of different tissues and organs depen-
ding on the level of nutrients required for each tissue and organ and their 
respective priority. It can therefore be expected that any specific effects 
of nutrient supply on reproduction will be associated with this phenomenon. 
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Summary 
The ef fect of level of energy intake on age and weight at spontaneous f i rst 
oestrus has been measured in 680 Dutch Landrace gi l ts. Gil ts without an 
oestrus before the age of 38 weeks were induced. 
Four di f ferent energy levels (about 3.0 M, 2.5 M, 2.1 M and 1.8 M, M = meta-
bolizable energy required for maintenance) were applied f rom 12 to 38 weeks 
of age. Protein intake was similar and was adjusted for weight. A t the two 
higher levels of energy intake more gi l ts (9.3% and 7.7%) needed to be culled, 
compared to the two lower levels of energy intake (2.4% and 4.7%). The 
number of gi l ts with a spontaneous oestrus was not signif icantly affected 
by the level of energy intake (69, 75, 71 and 68%, respectively). Average 
daily gain and backfat thickness at 99 kg and at 187 days of age increased 
at a higher energy intake (p < 0.01). A t a high level of energy intake gi l ts 
reached oestrus at a younger age and wi th a heavier weight (p < 0.01) com-
pared to lower levels. The age and weight at f i rs t oestrus were 234, 237, 
237 and 244 days and 139, 131, 118 and 109 kg, respectively. 
A t the two higher levels of energy intake age at spontaneous f i rs t oestrus 
was negatively related to backfat thickness (p < 0.05), while this relat ion 
was not found at the lower levels of energy intake. 
Average daily gain and backfat thickness were similar for gi l ts wi th a spontane-
ous oestrus or no oestrus at a l l . Gi l ts wi th an induced oestrus had somewhat 
reduced values for average daily gain and backfat thickness. 
Reaching puberty wi l l be determined more by age of the gi l t than by weight. 
However, at a high level of energy intake ( 5. 2.5 M) fatness of the body acts 
as a threshold for reaching puberty. First oestrus is delayed when energy 
intake is less than 70% of ad l ib i tum. A high fat gain in gi l ts has no det r i -
mental ef fects on reaching puberty. 
Introduction 
Reproduction rate in female pigs is important wi th regard to sow product iv i ty. 
Considerable variations in reproductive rate between animals are observed 
(NRLO, 1979 and Den Hartog, 1980). Her i tabi l i ty of most of the reproductive 
t ra i ts is low (Legault, 1970 and Hutchens et al . , 1981), therefore the ef fects 
of environment are very important. 
Nutr i t ion is an important aspect of these environmental factors. The ef fects 
of level of nutr i t ion and especially energy intake during the period between 
weaning and reaching puberty are not very clear, moreover, results f rom 
studies reported in the l i terature are conf l ic t ing (Shearer and Adams, 1973; 
Rerat and Duée, 1975; Den Hartog, 1980 and Den Hartog and Van Kempen, 
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1980). Another problem is that most of the trials were made with rather 
too few animals. Often also the variation between animals and treatments 
for various traits was considerable. Especially for studies on fertility, there 
is a need for large-scale experiments (Den Hartog and Van Kempen, 1980). 
Variation in energy intake will result in a large variation in amount of body 
fat at puberty and rate of gain of the gilts up to that age (Den Hartog and 
Verstegen, 1984). The relation between rate of development in gilts and repro-
ductive traits has not been studied adequately. Therefore, an experiment 
was performed in which the effects of four different levels of energy intake 
with a similar protein intake on these traits were studied in gilts. The effect 
of degree of fatness in gilts on the onset of oestrus was studied. These studies 
were performed since the decrease in fatness of gilts may have been the 
result of selection against fatness. Moreover, changes in feeding strategy 
during the last years may have resulted in a change of reproductive perform-
ance. This may also have influenced the relationship between fatness and 
age at puberty. Since the post weaning feeding level is more dependent on 
management than during the suckling period, it was decided to study the 
effect of feeding level from 12 weeks of age to first oestrus. 
Material and methods 
The experiment was performed in 9 consecutive batches with 680 Dutch Land-
race gilts, progeny of A.I. boars for 3-5 generations. The interval between 
the start of two consecutive batches was three months. 
Gilts from the age of 12 weeks were assigned to one of four feeding treat-
ments which was applied up to the end of the first three weeks of the insemi-
nation period (26 weeks later). Creep feed (13.43 MJ ME, 15.4% CP, 1.10% 
total lysine) was available ad libitum during the suckling period. Sows were 
supplied with 2.5 kg of the diet plus 0.25 kg for each piglet (from day 21 
of lactation onwards). After weaning, at 5 weeks, the piglets were fed ad 
libitum until they were 10 weeks. From 10 until 12 weeks the piglets were 
adapted to the experimental feeds at a restricted feeding scheme (increase 
from 0.5 to 1.2 kg of feed per day). Dams of gilts of batch 1 to 4 had another 
feeding scheme at rearing (see Van der Steen, 1983) than batches 5 to 9, 
in which dams were reared at one of the four feeding levels (gilts of batch 
5 were progeny of batch 1, etc.). However, feeding level during rearing had 
no effect on birth weight of the piglets (Hemmer, 1984). During lactation, 
sows were always fed according to the same scheme. 
On reaching the age of 24 weeks the gilts were checked daily for oestrus, 
both visually and with a teaser boar. A red or pale vulva and showing a stand-
-64-
ing reflex for the boar were used as signs of oestrus. Gilts were inseminated 
within a period of 6 weeks after they had reached 35 weeks of age. Gilts 
which did not show oestrus before the age of 38 weeks were injected intra-
muscularly with 400 IU of Pregnant Mare Serum and 200 IU of Human Chorion 
Gonadotrophin (PG600 ® Intervet B.V. Boxmeer, Netherlands). The procedure 
during rearing is given in figure 1. 
oestrus detection 
adaptation 




5 10 12 
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age of the 






Figure 1. Procedure during rearing. 
The points of time mentioned are overall averages of the batches. The range 
of ages within one batch was three weeks. 
Animals 
Female piglets were selected every three months from about 24 primiparous 
li t ters at an average age of 10 weeks. Each batch consisted of 80 gilts except 
batches 5 (72 gilts), 4 and 8 (each 64 gilts). Four gilts were selected from 
each litter as far as possible. Animals of four litters were called a unit to-
gether on the basis of similar weight and divided over the four treatments. 
Each of the four gilts of one litter was assigned to one of the treatments. 
Four gilts of one treatment within a batch were assigned to a pen in the 
barn randomly. Gilts remained together in a pen from 10 weeks until the 
end of pregnancy (290 gilts) or until slaughtering, when reproductive organs 
were analysed (Den Hartog 1984, in preparation). 
Housing 
The pens in which the gilts were housed had a partially slatted floor system. 
Ambient temperature was maintained at a minimum of 17°C. Light-dark regime 
was light from 8.00 - 20.00 hours and darkness from 20.00 - 8.00 hours. At 
33 weeks of age all groups of four gilts were transferred to another pen. 
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This was carried out to stimulate the onset of oestrus (Du Mesnil du Buisson 
and Signoret, 1962). 
Feeding^ 
From 12 until 38 weeks of age each group of four gilts received one of four 
energy levels at a similar protein level. In order to obtain four equidistant 
levels of energy intake with a similar protein intake on a weight basis, each 
diet was made up from a different combination of two experimental feeds 
(an energy rich feed A and a protein rich feed B). Composition of the feeds 
and the feeding level are given by Den Hartog and Verstegen (1984). Feeding 
levels were aimed ad 3.0 M (M = metabolizable energy required for mainte-
nance), 2.5 M, 2.1 M and 1.8 M (treatments 1, 2, 3 and <i, respectively). 
Differences between energy levels were based on equidistancy in energy availa-
ble for growth. Protein was supplied to provide 120% of crude protein above 
the expected maximum protein gain. Protein was given to enable a similar 
protein gain for gilts on each feeding level. The gilts were fed once a day. 
Feed was sampled in each batch and the composite sample was analysed for 
dry matter, protein, fat, crude fibre and ash. To check the quality of the 
protein in the diet the amino acid composition was determined as described 
by Bongers (1983). 
The results of the analyses are presented in table 1. The contents of vitamins 
and minerals of feed A and B are given by Den Hartog and Verstegen (1984). 
Table 1. Composition of the feeds A and B during the experiment (mean +_ 
standard deviation). Values are mass fractions in fresh mat ter {%) 
(n = 9). 
feed A feed B 
dry mat ter 85.01+0.69 88.52+0.50 
ash 4.72+0.10 15.33+0.54 
crude protein 9.08+0.13 1*4.21+^1.53 
crude fat 2.98+0.34 2.45+0.27 
crude fibre 2.31+0.22 +.08+0.79 
























































Feed residues were collected and feed intake adjusted accordingly. Feed resi-
dues had a similar composition as the rations fed (Vermeeren, 1981). The 
level of energy intake of the lit termates in the other three pens were then 
determined from the calculated intake at the highest feeding level. Energy 
intake in metabolizable energy was calculated with the data obtained in the 
balance trials of Den Hartog and Verstegen (198^). The influence of weight 
or age on the metabolizability was not taken into account. Feed allowance 
was calculated on the basis of similar weight as in treatment 1. Pigs were 
weighed every two weeks. Water was available ad libitum from nipple drinkers. 
After the experimental period, which lasted from 12 to 38 weeks, all gilts 
received 2.5 kg of feed per day (12.18 MJ ME per kg, 15.1% CP, 0.70% total 
lysine). 
Measured and calcul_ated_ traits 
The following traits were determined: 
during rearing: feed intake per pen (kg.d ) 
energy intake per four gilts per day (M3 ME d ) 
weight at two week intervals (kg) 
rate of gain from 35 to 95 kg (g.d ) 
backfat thickness (ultrasonically) at a fixed weight 
of 99 kg and at an average age of 187 days (mm) 
protein and fat gain (g.d )(see Den Hartog and Verste-
gen, 198*) 
at oestrus: age (d) 
weight (kg) 
Statistical analysis 
Preliminary results showed that there were no significant differences in produc-
tive and reproductive traits between units. Interactions were also not signifi-
cant. Therefore the data were analysed according to the following model: 
Y... = U + T. + B. + e... (1) 
ijk l ) ijk 
in which: Y... = dependent variable 
y = mean 
T. = treatment (i= 1 ,k) 
B. = batch (j= 1....9) 
e... = error ijk 
Age at first oestrus for gilts, which did not show first oestrus spontaneously, 
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was estimated, assuming normality, and making use of the calculated median 
and the fraction of gilts without a spontaneous oestrus per treatment and 
per batch and a calculated standard deviation of 19 days (adjusted data, see 
Van der Steen, 1983). 
When backfat thickness at 99 kg and at 187 days were used as dependent 
variables, weight and age at measuring were included in model 1 respectively: 
Y... = V + T. + B. + b X... + e... (2) 
i jk l j i jk ijk 
in which: ^ 'wi = backfat thickness at _+99 kg 
and X-. = weight at measuring 
or Y.... = backfat thickness at +_ 187 days of age 
and X-.. = age at measuring 
b = regression coefficient 
In order to calculate regression coefficients between backfat thickness and 
age at first oestrus within treatments model 3 was used to analyse data of 
each treatment 
Yjk = M + Bj + b l Vjk+ b2 Xjk+ b3 Zjk + ejk ( 3 ) 
in which Y., = age at puberty 
u = mean 
B. = batch (j= l...,9) 
V., = backfat thickness at 99 kg (or at 187 days) 
X., = weight at backfat thickness measuring 
Z., = age at backfat thickness measuring 
b . , b- , b , = multiple regression coefficients 
e.. = error 
Jk 
The pooled regression coefficient of age at first oestrus on backfat thickness 
was also determined with treatment (T. i=l, 2, 3, k) added to model 3 (model 
*). 
Fat gain and fat content of the body in gilts were calculated by assuming 
that within each pen all gilts had a similar feed intake. The amount of body 
fat at 95 kg and at oestrus was calculated. The fat content at the start of 
the experiment was estimated by the formula of De Wilde (1977): y = -1.46 
+ 0.189 * W 
in which y = fat content of the body (in kg) 




Animals at the experimental farm showed signs of Atrophic Rhinitis in the batches 
7, 8 and 9. Therefore in these batches 400 ppm Oxytetracycline was added to 
feed A for periods of 3 weeks intermittent with no addition. However, the addition 
did not influence the traits since there were no differences between animals 
of batches 7, 8 and 9 and those in batches 1 to 6. 41 Gilts (6.0% out of 680) 
were culled during the experimental period (see table 2). The main reason for 
culling was locomotion disorder (17 gilts). At the two higher feeding levels more 
animals (16 and 13) had to be culled than at the lower levels (4 and 8). 
Tabie 2. Number of gilts with or without a spontaneous or induced oestrus 
for the four t rea tment groups 
































t r ea tmen t 
No of gilts : 
with oestrus 
with spontaneous oestrus 
with induced oestrus 
with no oestrus after induction 
not induced and no oestrus 
culled 
Total 172 168 168 172 7 
a,b, data in the same row with a different superscript differ (p< 0.05). 
The effects tested with ^ ! t es t : 
- no of gilts with a spontaneous oestrus from total gilts not culled (2) 
- no of gilts with an induced oestrus from total induced gilts (3 and 4) 
- no of culled gilts from total gilts. (6) 
E_ffect of_Jevel of energy intake on productjo_n_traits 
Data on rate of gain, "feed conversion" and backfat thickness are presented in 
table 3. Initial weight per treatment was similar for all four treatments. 
Table 3. Production t ra i t s for gilts reared on one of the four feeding levels (mean ^standard deviation) 
weight at s ta r t (kg) 
weight after 26 weeks (kg) 
energy intake in 26 weeks (MJ ME) 
1 
t r ea tmen t 
2 
27.1+ 4.9 27.3+4.7 27 .1+5.5 26.9+5.1 
158.1+17.9 146.6+15.1 132.9+15.0 117.3+14.1 
6352+418 5416+314 4550+291 3778+273 
average daily gain . 
from 35 to 95 kg (g.d ) 
energy intake from 35 to 95 
growth (M3ME.kg_1) 






















) Coefficient of variation calculated as (residual standard deviation/mean) * 100 
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Figure 2. Weight of the gilts (kg) at the four treatment groups and at different 
ages (weeks). *From week 1^  onwards differences are significant. 
After the experimental period of 26 weeks the weight of gilts in the four 
feeding levels differed significantly (p < 0.01, see figure 2). The difference 
between gilts in the highest and lowest level was about 40 kg. The difference 
in energy intake during the 26 week experimental period between treatments 
was nearly equidistant with each lower level about 84% of the higher level. 
Rate of gain from 35 to 95 kg and backfat thickness at 99 kg and at 187 
days of age were significantly affected by level of energy intake 
(p <0.01). At the higher levels of energy intake, rate of gain and backfat 
thickness were increased. The feed conversion (MJ ME per kg growth) from 
35 to 95 kg liveweight was also increased at the highest level of energy intake 
(p < 0.01, see table 3). Rate of gain, backfat thickness and "feed conversion" 
between the various batches differed significantly (table 3). The data on energy 
intake are presented in table 4. 
The calculated daily protein and fat gain for gilts at the four energy levels 
are presented in figures 3 and 4, respectively. At a similar weight, gilts with 
a lower energy intake (treatments 3 and 4) had a reduced protein gain. In 
the first half of the experiment, the protein gain at a fixed age (same sign 
in fig. 3) was increased when energy intake was increased (p < 0.01), while 
the values were nearly similar in the second half. Fat gain was decreased 
when energy intake was reduced (p < 0.01). 
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PROTEIN GAIN 
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Figure 3. Protein gain (g per day per gilt) for gilts at the four 
treatment groups and at various body weights. 
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(g.d-1) 
5 0 0 r 
250 
50 100 150 
BODY WEIGHT (kg) 
Figure ». Fat gain (g per day per gilt) for gilts at the four treatment 
groups and at various body weights. 
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Table 4. Calculated quantity of energy consumed (MJ metabolizable energy.d~ ) 




























Effectof level of _enejjjy_intake on age atfirstoestrus 
Before the change of pen at 33 weeks of age more gilts in the higher levels 
of energy intake showed oestrus than in the lower levels (respectively 48, 
4 1 , 38 and 23 gi l ts, p = 0.04).Two weeks after the change of pen the number 
of gi l ts wi th a spontaneous oestrus in the four levels of energy intake was 
similar (respectively 85, 81 , 87 and 72 gi l ts, p = 0.70). 
The number of sows which showed oestrus spontaneously wi th in on average 
38 weeks of age was not signif icantly af fected by level of energy intake 
( X , = 2.05, p = 0.65, see table 2). Gi l ts with an increased energy intake reach-
ed oestrus at a younger age and a higher weight than those in the other t reat -
ments (p < 0.01, see table 5). The differences in mean age at f i rs t oestrus 
of sows wi th a spontaneous oestrus for the four t reatment groups (treatment 
1 - t reatment 4 = -10 days, r.s.d. = 18.2) were relat ively small compared 
to the differences in weight ( treatment 1 - t reatment 4 = 30 kg, r.s.d. = 
15.1). Sows without an oestrus before 38 weeks of age were induced. Treatment 
differences in age at f i rs t oestrus for those gi l ts were absent. 
Table 5. Age and weight at first oestrus for sows with a spontaneous and induced oestrus and calculated 














































Sows with a spontaneous oestrus: 
age at f irst oestrus (d) 
weight at f irst oestrus (kg) 
Sows with an induced oestrus: 
age at f irst oestrus (d) 
weight at f irst oestrus (kg) 
Adjusted data for sows 
without a spontaneous oestrus: 
age at f irst oestrus (d) 
l ) coefficient of variation calculated as (residual standard deviation/mean) * 100. 
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In t reatment 1 fewer gi l ts responded to an oestrus induction wi th PG600 
than those in treatment 3 (p < 0.05) wi th the treatments 2 and 4 intermediate 
(table 2). Twenty three sows did not show oestrus and were also not induced 
because they showed pro oestrus signs before the end of the insemination 
period. 
Age at f i rs t oestrus calculated wi th adjusted data for sows without a spon-
taneous oestrus was 254 days for the gi l ts at the lowest energy intake level , 
while this age was 246 to 247 days for gi l ts of the other t reatment groups 
(p < 0.01). 
Figures 5 and 6 present the cumulative percentage of gi l ts w i th a spontaneous 
oestrus by age and weight at f i rs t oestrus for the four treatments. Gi l ts 
wi th the lowest level of energy intake reached puberty at an older age. Weight 
at f i rs t oestrus dif fered clearly between the four treatments. Figure 7 presents 
the average daily gain f rom 35 to 95 kg and the age at f i rst oestrus for gi l ts 
wi th a spontaneous oestrus. 
The variat ion in age at f i rs t oestrus between pens was signif icantly higher 
than within pens, except for t reatment 3. The F-probabil it ies of these tests 
for treatments 1, 2, 3 and 4 were 0.002, 0.006, 0.317 and 0.010, respectively. 
Figure 8 gives the mean age at f i rs t oestrus and the rate of gain f rom 35 
kg to 95 kg of all gi l ts wi th a spontaneous oestrus for the di f ferent batches. 
Differences in age and weight at puberty between batches were significant 
(p < 0.01). 
Relat[onship__between__producti_on traits_and_age_ at f i rs t oestrus 
According to the results given in table 6, gi l ts wi th an induced oestrus showed 
a somewhat lower rate of gain from 35 to 95 kg. They also tended to have 
less backfat at 99 kg and at 187 days than gi l ts w i th a spontaneous oestrus 
or no oestrus at a l l . 
Tabte 6. Rate of gain and backfat thickness at rearing for sows with a spontaneous and induced oestrus and 
for sows without an oestrus. 
Average daily gain from 
35 to 95 kg (g.d-1) 


































AGE AT PUBERTY (d) 
Figure 5. The cumulative proportion (%) of gilts with a spontaneous 
oestrus at various ages for the four treatment groups. 
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Figure 6. The cumulative proportion (%) of gilts with a spontaneous oestrus with various weights at oestrus 
for the four treatment groups. 
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Figure 7. Age at puberty and average daily gain of the gilts with a spon-
taneous oestrus for the four treatment groups. 
AGE AT PUBERTY 
indays (*—») 
220 L 
A.D.G. FROM 35 TO 95 KG 
in gram ( o--o ) 
MONTHS OF OESTRUS PER BATCH 
Figure S. Age at puberty (* = days) and average daily gain (o = a.d.g. 
per day per gilt) for sows with a spontaneous oestrus in the 
subsequent batches. 
Both age and a.d.g. are scaled per unit of standard deviation. 
-75-
Table 7. Correlation and regression coefficients of production traits with age at f irst oestrus for 
gilts with a spontaneous oestrus (models 3 and 4). 
Coefficients of correlation of 
age at f irst oestrus with: 
average daily gain from 35 to 95 kg 
backfat thickness at 99 kg 
backfat thickness at 187 days 
Regression coefficients of age 
at f irst oestrus with: 
backfat thickness at 99 kg 






-1 .01* * 
treatment 



















* p< 0.05 
* * p <0.01 
* * * p < 0.001 
The differences however were not significant (p > 0.05). Table 7 presents 
the overall and wi th in treatment coeff ic ients of correlat ion and regression 
between rate of gain, backfat thickness and age at puberty. Rate of gain 
f rom 35 to 95 kg was negatively correlated wi th age at puberty. Correlat ion 
coeff ic ients between backfat thickness and age at puberty were also negative 
for the two highest levels of energy intake (p < 0.01) and close to zero for 
the two lowest energy level groups. Gi l ts fed on a high level (2.5 M or more) 
wi th more backfat at an age corrected weight of 99 kg reached oestrus at 
a younger age. One mm more backfat at that weight resulted in 1.7 and 2.9 
days earlier onset of f i rs t oestrus for gi l ts of treatments 1 and 2 respecti-
vely. Gi l ts of treatments 1 and 2 wi th 1 mm more backfat at 187 days of 
age corrected to a same weight, reached oestrus 1.5 and 2.6 days earl ier, 
respectively. In gi l ts of treatments 3 and k extra fat had no significant ef fect 
on age at f i rs t oestrus. When backfat thickness at 99 kg and at 187 days 
was not corrected for age and weight, respectively, at measuring, the regres-
sion coeff ic ients were about 0.3 lower than those presented in table 7 but 
the significance was the same. Fat gain f rom 35 kg to 95 kg and f rom 95 
kg to oestrus di f fered signif icantly between treatments (p < 0.01, see table 
8). Calculated body fat percentage at 95 kg was 18.3% for gi l ts in the lowest 
energy level and increased to 29.5% for gi l ts in the highest level . A t oestrus 
the calculated fa t percentages for treatments 1, 2, 3 and 4 were 38.4, 30.8, 
24.9 and 20.9, respectively. Differences in fat gain and fa t percentages be-
tween treatment groups were significant (p < 0.01). 
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Table 8. Fat gain per day until weight of 95 kg and until puberty and the fat content of the body 



















Fat gain from 35 to 95 kg (g) 284    14.4 0.00 0.22 
Fat content of the body at 95 kg (%) 29.5 .3 . .  15.1 0.00 0.47 
Fat gain from 95 kg to puberty (g) 420    16.0 0.00 0.00 
Fat content of the body at puberty (%) 38.4 .  .  .  6.9 0.00 0.00 
l) coefficient of variation was calculated as (residual standard deviation/mean) * 100. 
Discussion 
Reported experiments show a great variation in classifying feeding levels 
applied to breeding gilts. A high feeding level in one experiment, is referred 
to as low in another experiment (Den Hartog and Van Kempen, 1980). In most 
studies the animals were given various energy and protein levels. In the present 
experiment, however, the gilts were only restricted in energy intake. 
The protein intake in the present experiment was calculated on the basis 
of the lysine requirement. When the amino acid composition of the feed (table 
1) is compared with the requirements of the ARC (1981) it can be concluded 
that lysine was the first limiting amino acid in the rations used. 
The greater culling rate at the high feeding levels agrees with results of 
experiments of the Regional Pig Research Centres in the Netherlands (Snoeyen, 
1979 and Van Erp, 1980). 
Pres d y c_t_i o_n _t ra. its 
Since most of the gilts reached the weight of 95 kg and since weights at 
various ages of gilts between treatments diverged nearly linearly (fig. 2) 
rate of gain in the range of 35 to 95 kg was used to describe development 
of the gilts. The increased rate of gain, backfat thickness at 99 kg and at 
187 days and fat gain at a higher level of energy intake agree with data 
of Thorbek (1975), Glitte et al. (1979) and Den Hartog and Verstegen (1984). 
Increased protein gain at the higher levels of energy intake agrees with data 
of Den Hartog and Verstegen (1984). At the highest level of intake the fat 
gain as a percentage of the average daily gain in the range 35 to 95 kg was 
highest (38%). For treatments 2, 3 and 4 these percentages were 29, 23 and 
20, respectively. The fat gain, which was obtained with some assumptions 
(see Den Hartog and Verstegen, 1984), was only calculated in order to get 
an impression about the differences in fatness between the treatments. The 
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calculated fa t percentage of the gi l ts at the highest level of energy intake 
(treatment 1) agrees very well wi th the data of Shields et a l . (1983). Shields 
et a l . determined body fat contents of ad l ib i tum fed crossbred pigs by chemi-
cal analysis and found at 95 kg and 139 kg a fat percentage of 28.6 and 40.5, 
respectively. Because the fat percentages are calculated on basis of pen data, 
backfat thickness was used for determining the relationship between fatness 
and reproductive performance. Despite the fact that less energy was required 
for maintenance, the increased fat gain in gi l ts of t reatment 1 caused an 
increased "feed conversion" rat io. A t the lower levels of energy intake the 
"feed conversion" was nearly the same for the di f ferent treatments. 
Age and_weight_ at _p_uberty 
Studies on restr icted energy resulting from restr icted feed intake during 
rearing, as reported in the l i terature, resulted in: 
- an earlier onset of oestrus (Hafez, 1960 and MacPherson et al . , 1977) 
- no ef fect on oestrus (Pay and Davies, 1973 and Friend, 1977) 
- a delayed onset of oestrus (Friend, 1976 and Friend et a l . , 1981) 
Addit ion of soybean oil (energy) or soybean protein (crude protein) to diets 
for gi l ts had no influence on the onset of oestrus in the experiment of Friend 
(1977). In the present experiment, age at f i rs t oestrus for gi l ts at the lowest 
energy level was delayed by ten days compared to the highest energy level 
wi th levels 2 and 3 close to level 1. The difference in number of gi l ts wi th 
a spontaneous oestrus, caused by di f ferent levels of energy intake was levelled 
out by the change of pen. The difference in age at f i rst oestrus wi th adjusted 
data for gi l ts without a spontaneous oestrus between treatment 1 and the 
other treatments was smaller than wi th only spontaneous oestrus. No clear 
difference in age at puberty exists between gi l ts of the three highest levels 
of energy intake. The difference in weight between animals at the lowest 
and highest energy level at puberty was 30 kg. When weight at puberty is 
corrected to a similar age at that t ime the difference in weight at puberty 
is even greater. I t can be concluded therefore that reaching puberty wi l l 
be determined more by age than by weight wi th in the range of energy supplied 
in the present studies. 
Because the within-pen-variance in age at f i rs t oestrus was lower than between 
pens for treatments 1, 2 and k, i t can be concluded that a gi l t in oestrus 
can stimulate the onset of oestrus in other gi l ts in the pen. 
NRLO (1979) concluded from data in l i terature that when the feed intake 
was less than 50% of ad l ib i tum, onset of oestrus was delayed. In the present 
experiment the energy restr ict ion was never below 60% of ad l ib i tum. Despite 
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this, a modest restriction showed a delayed onset of oestrus in the gilts at 
the lowest level of energy intake. At a higher restriction of energy intake 
effects on onset of oestrus will probably be still greater. 
Rate of _gain 
According to Roth-Maier and Kirchgessner (1976) breeding gilts need a rate 
of gain of 500 gram per day from 20 to 120 kg to get normal reproductive 
results. Gilts at the lowest energy level had an average daily gain of 511 
gram from 35 to 95 kg. The coefficient of correlation between rate of gain 
from 35 kg to 95 kg and age at puberty is negative at the high levels of 
energy intake but nearly absent for the two lower levels of energy intake. 
In most experiments a negative correlation between age at puberty and rate 
of gain is found also. Some investigators, however, found no correlation at 
all or even a positive correlation (NRLO, 1979). 
Fatness 
In human females a negative relation is found between fatness and age at 
menarche. Girls with a high bodyfat content had a younger age at menarche 
(Frisch, 1975). It was thought that both a minimum and maximum fat content 
of the body act as threshold and limit, respectively, for puberty (Den Hartog 
and Van Kempen, 1980). However, it seems that this is not true in all cases. 
In the present experiment, however, a high backfat thickness seems to be 
favourable for reaching oestrus at a young age. 
Despite the great difference in rate of fat gain during rearing and the great 
difference in the fat content of the body at oestrus, age differences at puberty 
were relatively small for the treatment groups. The regression and correlation 
coefficients of backfat thickness with age at puberty within treatments are 
negative. For the two highest levels of energy intake these coefficients are 
significant (p < 0.01). At a lower feeding level age seems to be more important 
for reaching oestrus than fatness of the body. The relation between backfat 
thickness and age at puberty as reported in literature is nearly absent (Cunning-
ham et al., 1974; Friend et al., 1981; Hutchens et al., 1981 and Van der Steen, 
1983). The reproductive results in the experiment of Van der Steen are com-
parable with those from the present experiment. Van der Steen used a restric-
ted feeding scheme which resulted in the same rate of gain as gilts in treat-
ment 3 of the present experiment. Relationship between fatness (backfat 
thickness) and age at puberty may be different for breeds maturing early 
or late. A genotype-diet interaction may exist for age at puberty (Cunningham 
et al., 1974). 
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For example the fat Chinese pigs reach puberty at an average age of three 
months (Legault and Caritez, 1982). Within feeding levels, backfat thickness 
was related to age at puberty at the two higher levels (treatments 1 and 
2) but no relationship was found at the low levels (treatments 3 and k) (table 
7). Therefore it can be concluded that fatness is a threshold for reaching 
oestrus in animals of young age but is of reduced importance in older animals. 
Development ofjejgr oductive org_ans 
Friend (1976) found a positive relationship between the weight of a gilt and 
development of its reproductive organs. Etienne and Legault (1974) and Herr-
mann and Richter (1980), however, found no significant effects of feeding 
level on the development of uterus and ovaries in gilts. The development 
of uterus and ovaries was not measured in the present experiment, but it 
might be assumed that because of an older age at first oestrus this develop-
ment was delayed at the lowest level. 
Oestrus induction 
The differences in rate of gain and backfat thickness between gilts with or 
without an oestrus were small. Data of Aherne and Price (1979) showed that 
the average daily gain from 25 to 109 kg of crossbred gilts, which did not 
ovulate before the weight of 109 kg was significantly higher than for gilts 
with an ovulation (800 and 750 g.d , respectively). They found no significant 
differences in slaughter and carcass traits. Rate of gain, however, was higher 
in their studies than found in the purebred gilts in the present experiment. 
The age at puberty and average daily gain were negatively correlated within 
the group of gilts with an ovulation before a weight of 109 kg. This in agree-
ment with the results of the present experiment. Gilts with an induced oestrus 
had somewhat reduced values for rate of gain and backfat thickness (table 
6). A large number of the gilts which did not respond to a PG600 injection 
were gilts fed the highest energy level (treatment 1). The contrasts in rate 
of gain and backfat thickness between the three groups mentioned in table 
6 were not significant within this treatment. Gilts which failed to respond 
to an oestrus induction could have another reason for that disorder than devel-
opment. A too low basic level of the gonadotrope hormones available for 
the gilt is one of the possibilities (Willemse, 1983). 
-80-
References 
Aherne, F.X. & M.A. Price, 1979. Relationship between age at puberty (first 
ovulation) and body composition at market weight in gilts. Proc. 30th Annual 
Meet. E.A.A.P. p. 5-11. 
A.R.C., 1981. The nutritient requirement of pigs. Commonwealth Agricultural 
Bureaux, Slough, U.K., 307 pp. 
Bongers, D., 1983. De bepaling van aminozuren. Dept. Anim. Phys. Agric. 
Univ. Wageningen. Unpublished. 
Cunningham, P.J., C.H. Naber, D.R. Zimmerman & E.R. Peo Jr., 1974. 
Influence of nutritional regime on age at puberty in gilts. J. Anim. Sei. 39: 
63-67. 
Du Mesnil du Buisson, F. & 3.P. Signoret, 1962. Influences de facteurs externes 
sur le déclenchement de la puberté chez la truie. Ann. Zootech. 11: 53-59. 
Erp, M. van, 1980. De invloed van het voederniveau van opfokzeugen op 
de latere gebruikseigenschappen. Internal report. Dept. Anim. Nutr., Agric. 
Univ. Wageningen, 22 pp. 
Etienne, M. & C. Legault, 1974. Influence de la race et du regime alimentaire 
sur la précocité sexuelle de la truie. Journées Rech. Porcine en France, 
I.N.R.A., I.T.P. pp 57-62 
Friend, D.W., 1976. Nutritional effects on age at puberty and plasma amino 
acid level in Yorkshire gilts and on chemical composition, nucleic acid, 
fatty acid and hydroxyproline contents of the uterus. J. Anim. Sei. 43: 
404-412. 
Friend, D.W., 1977. Effect of dietary energy and protein on age and weight 
at puberty of gilts. 3. Anim. Sei. 44: 601-607. 
Friend, D.W., G.A. Lodge & J.I. Elliot, 1981. Effects of energy and dry matter 
intake on age, body weight and backfat at puberty and on embryo mortality 
in gilts. J. Anim. Sei. 53: 118-124 
Frisch, R.E., 1975. The physiological basis of reproductive efficiency. In: 
Meat animals, growth and productivity pp. 327-354. 
Glitte, J.O., E. Heunisch & T. Heine, 1979. Untersuchungen zum Einfluss 
unterschiedlicher Energieversorgung auf Wachstum, Futterverwertung und 
Zusammensetzung des Körpers von Schweinen 3. Der mittlere tägliche Stoff-
ansatz im Tierkörper von 25 bis 99 kg. Lebendgewicht. Zeitschr. Tierphys. 
Tierernährung und Futtermittelkde 41: 177-184. 
Hafez, E.S.E., 1960. Nutrition in relation to reproduction in sows. J. Agric. 
Sei. 54: 170-178. 
Hartog, L.A. den, 1980. De relatie voeding-vruchtbaarheid bij (opfok) zeugen. 
Dept. Anim. Nutr., Agric. Univ. Wageningen. 55 pp. 
-81-
Hartog, L.A. den & G.J.M, van Kempen, 1980. Relation between nutrition 
and fertility in pigs. Neth. J. Agric. Sei. 28: 211-227. 
Hartog, L.A. den & M.W.A. Verstegen, 1984. The effect of energy intake 
of gilts on the supply of metabolizable energy and protein deposition. Neth. 
J. Agric. Sei. in press. 
Hemmer, H., 1984. Genetische en milieuinvloeden op uniformiteit van tomen 
bij geboorte van NL varkens. Internal report. Dept. Anim. Nutr., Agric. 
Univ. Wageningen. 45 pp 
Hermann, U. & K. Richter, 1980. Untersuchungen zur Beeinflussung von 
Merkmalen der Geslechtsreife durch ein reguliertes Energieangebot in der 
Aufzucht weiblicher Jungschweine. Tag. Ber. Akad. Landwirtsch. Wiss. DDR, 
Berlin 176: 79-85. 
Hutchens, L.K., R.L. Hintz & R.K. Johnson, 1981. Genetic and phenotypic 
relationships between puberal and growth characteristics of gilts. J. Anim. 
Sei. 53: 946-951. 
Legault, C , 1970. Etude statistique et génétique des performances d'élevages 
des truies de race Large White II. Effet direct du verrat heritabilité, répé-
tabilité, correlations. Ann. Génét. Sel. Anim. 2: 209-227. 
Legault, C. & J.C. Caritez, 1982. Premier bilan de l'expérimentation sur 
le porc Chinois en France. 1. Performances de reproduction en race pure 
et en croisement. Journées Rech. Porcine en France, 14: 127-136. 
MacPherson, R.M., F.D. Hovell & A.S. Jones, 1977. Performance of sows 
first mated at puberty or second or third oestrus, and carcass assessment 
of once bred gilts. Anim. Prod. 24: 333-342. 
NRLO (Nationale Raad voor Landbouwkundig Onderzoek) 1979. De vruchtbaar-
heid van het vrouwelijk varken. Rapport B-133, IVO "Schoonoord", Zeist. 
157 pp. 
Pay, M.G. & T.E. Davies, 1973. Growth, food consumption and litter production 
of female pigs mated at puberty and at low body weights. Anim. Prod. 
17: 85-91. 
Rerat, A. & P.H. Duée, 1975. Ernährung und Reproduktin der Sau. Ubers. 
Tierernährung 3: 101-141. 
Roth-Maier, D.A. & M. Kirchgessner, 1976. Aufzuchtintensität und Fruchtbar-
keitsleistung der Sau. Bayer. Landwirtsch. Jahrb. 53: 71-80. 
Shearer, I.J. & J.L. Adams, 1973. Nutritional and physiological developments 
in reproduction of pigs. Proc. New Zealand Soc. Anim. Prod. 33: 62. 
Shields Jr., R.G., D.C. Mahan & P.L. Graham, 1983. Changes in swine body 
composition from birth to 145 kg. J. Anim. Sei. 57: 43-54. 
-82-
Snoeyen, P. 1979. De invloed van het voerniveau van opfokzeugen op de latere 
gebruikseigenschappen van fokzeugen. Internal report. Dept. Anim. Nutr., 
Agric. Univ. Wageningen, 14 pp. 
Steen, H.A.M, van der, 1983. Maternal and genetic influences on production 
and reproduction traits in pigs. Thesis, Dept. Anim. Breeding, Agric. Univ. 
Wageningen. 112 pp. 
Thorbek, G., 1975. Studies on energy metabolism in growing pigs II. Beretn. 
Statens. Husdyrbrugsfors^g, K^benhavn 424, 193 pp. 
Vermeeren, C.T.M.E., 1981. Voedervoorkeur bij varkens. Internal report. 
Dept. Anim. Nutr., Agric. Univ. Wageningen. 14 pp. 
Wilde, R. de, 1977. Studie van een methode ter bepaling van eiwit- en energie-
retenties bij mestvarkens gebaseerd op karkasanalyse. Thesis, Fac. Vet. 
Med., State Univ. Ghent. 211 pp. 
Willemse, T., 1983. Personal communication. 
-83-
Chapter 5 
THE EFFECT OF ENERGY INTAKE DURING REARING ON REPRODUCTIVE 
TRAITS IN GILTS 
L.A. den Hartog 
Department of Animal Nutrition 
Agricultural University 
Haagsteeg k 
6708 PM Wageningen 
The Netherlands 
Submitted for publication. 
-84-
Summary 
The effect of level of energy intake from 12 until 38 weeks of age on reproduc-
tive performance in Dutch Landrace gilts was studied. Four treatments based 
on different energy levels (about 3.0 M, 2.5 M, 2.1 M and 1.8 M, M = metaboli-
zable energy required for maintenance) were tested. All animals received 
a similar amount of protein per day, per kg body weight. A total of 538 gilts 
were inseminated. Conception rate was lower for gilts (67 and 64%) at the 
two higher levels of energy intake than for gilts in the two lower levels (both 
76%). A significant interaction for ovulation rate was found between energy 
intake and oestrus number at the average age of 8.5 months. 
The number of piglets born alive, the average birth weight and the homo-
geneity of the litter (measured as standard deviation of birth weights within 
a litter) were not clearly affected by energy intake. The pooled regression 
coefficients of average birth weight on weight of the sow on the day before 
farrowing and rate of gain during the last 100 days of pregnancy were signifi-
cant (2.68 g.kg" and 5.45 g.kg" , both p < 0.01). The effect of induction 
of gilts with PG600 on the ovulation rate seemed to be dependent on the 
weight or fatness of the gilts (14.1, 14.7, 21.0 and 18.8, respectively). 
Introduction 
An increase in energy supply to gilts during the rearing period will result 
in higher weight, more backfat and younger age at puberty (Den Hartog and 
Noordewier, 1984). The level of feeding during rearing may also affect later 
reproductive performance. For example, a high energy intake results in an 
increased ovulation rate in gilts (reviews by Anderson and Melampy, 1972 
and Den Hartog and Van Kempen, 1980). An increased ovulation rate will 
not always result in more piglets born alive (Brooks and Cole, 1974). Therefore, 
part of the pregnant gilts in the experiment described by Den Hartog and 
Noordewier (1984) were slaughtered and the rate of ovulation and number 
of fetuses were determined. The effects of energy intake and weight of the 
sow on litter size, birth weight of the piglets and homogeneity of the litter 
at farrowing were studied in another part of the pregnant gilts. Since gilts 
needed to farrow within a relative short time it was decided to inseminate 
at a similar chronological age. Therefore, the oestrus number at insemina-
tion may not be similar for all gilts (see Den Hartog and Noordewier, 1984). 
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Gilts mated at first oestrus produced a smaller litter than gilts mated at 
a third oestrus as shown in studies by Pay and Davies (1973), MacPherson 
et al. (1977) and Young and King (1981). Gilts mated at first oestrus in these 
studies were younger than gilts mated at their third oestrus. Consequently, 
their chronological age was confounded with sexual age. Gilts mated at a 
second oestrus with an average age of 198 days had 0.9 piglets less in the 
first litter than gilts mated at a second oestrus with an average age of 237 
days (Brooks and Smith, 1980). The difference in age at puberty was obtained 
by the presence or absence of a boar. Van der Steen (1983) found an increased 
litter size in gilts inseminated at a second or later oestrus than for gilts 
inseminated at a first oestrus of similar chronological age. Therefore it can 
be concluded that in this study the oestrus number at conception needs to 
be taken into account. 
Material and methods 
680 Gilts of the Dutch Landrace, from 12 to 38 weeks of age, were assigned 
to one of four energy levels. The study was carried out with 9 consecutive 
batches, each with 64 to 80 animals. The feeding strategy was based on diffe-
rences in energy supply for production (treatments 1, 2, 3 and 4 were aimed 
at 3 M, 2.5 M, 2.1 M and 1.8 M, M = metabolizable energy required for mainte-
nance) with a similar protein supply, according to a model given by Den Hartog 
and Verstegen (1984). More details on the rearing of the gilts are given by 
Den Hartog and Noordewier (1984). 
Insemination took place within a period of 6 weeks after the gilts reached 
35 weeks of age. Gilts which did not show oestrus before 38 weeks of age 
were injected intramuscularly with PG600 at 38 weeks of age. Gilts were 
housed in groups of four during pregnancy. Ambient temperature was main-
tained at a minimum of 17°C. The light dark regime provided light from 8.00 
- 20.00 hours and darkness from 20.00 - 8.00 hours. After 38 weeks of age 
all gilts received 2.5 kg of feed per day until slaughter or farrowing. The 
composition of the diet was similar to that described by Den Hartog and 
Van der Steen (1981). The gilts were fed twice daily. Water was always avail-
able from a nipple drinker. Of the 382 and 45 gilts that were pregnant after 
the first and second insemination respectively, 290 were kept to produce 
their first litter. Corpora lutea and number of fetuses were counted after 
slaughtering in 79 sows. 58 Pregnant sows were used for other experiments. 
On the average, gilts were slaughtered at day 49 of pregnancy. 
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Measured and calculatedtra i ts 
When possible the following traits were determined: 
- oestrus number at conception 
- induced or spontaneous oestrus 
- number of corpora lutea (ovulation rate) 
- number of fetuses 
- embryonic survival ((number of fetuses : number of corpora lutea) x 100) 
- number of piglets born (dead or alive) 
- weight prior to (<24 h) parturition 
- weight after (<2k h) parturition 
- backfat thickness and heart girth prior to parturition 
- birth weight per litter (average per piglet) 
- standard deviation of birth weights within a litter (homogeneity parameter) 
Statistical analysis 
Data were analysed using least squares analysis (Nie et al., 1975). Preliminary 
calculations showed that there were no significant differences in reproductive 
traits between animals in various batches. Production traits were analysed 
with treatment and batch as factors while the reproductive traits were ana-
lysed with treatment and oestrus number at conception (CO = 1, 2, 3 is first, 
second and third or fourth, k is induced first oestrus, respectively) as factors. 
Reproductive traits depend on oestrus number at conception. Energy intake 
was the factor of interest. Therefore, these factors are simultaneously included 
in the models in all analyses of reproductive traits. With the exception of 
ovulation rate preliminary calculations indicated no significant interactions 
between batch and treatment factors and between treatment and the CO 
factor. Therefore, the non significant interactions were excluded from further 
analyses. The effects of age at insemination, weight at farrowing and rate 
of gain during pregnancy on litter size and birth weight were calculated in 
the sows with spontaneous oestrus by aid of the following model: 
Y... =u + T. + CO. + b.X... + b-Z... + e... (1) 
ijk l j 1 ijk 2 ijk ijk 
in which Y... = average birth weight, standard deviation of birth 
weight, total number of piglets born or number of 
piglets born alive. 
u = mean 
T. = treatment (i = 1, 2, 3, H) 
CO. = oestrus number at conception (j = 1, 2, 3, 4) 
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X... = age at insemination or weight measured with in a day before 
farrowing or rate of gain during last 100 days 
of pregnancy 
Z... = total number of piglets born 
b.,b?= regression coeff icients 
e... = error i jk 
If Y... was total number of piglets born or number of piglets born alive the 
covariable Z... was not included in the model, i jk 
Table 1. The number of gilts inseminated at a spontaneous or induced oestru 
and number of gilts which produced a j i t ter. 
1 
Sows with a spontaneous 
oestrus 
inseminated 
pregnant after f irst 
insemination 
farrowed 
Sows with an induced 
oestrus 
inseminated 







































A total of 428 gi l ts was inseminated once after spontaneous oestrus and 110 
gi l ts after induced oestrus (table 1). 305 (71%) and 77 (70%) gi l ts, respectively, 
were pregnant after the f i rst insemination. Af ter the second insemination 
36 f rom the 75 g i l ts wi th a spontaneous oestrus (48%) were pregnant. These 
numbers were 9 out of 13 (69%) for the induced gi l ts. The number of gi l ts 
inseminated at a spontaneous oestrus and at an induced oestrus which were 
kept to produce a l i t te r were 244 and 46 gi l ts, respectively. 175 Gil ts wi th 
spontaneous oestrus and 49 gi l ts wi th induced oestrus were slaughtered in 
order to determine the ovulation rate. The remainder was used for other 
experiments. Because l i t te r characterist ics (performance) did not di f fer s igni f i -
cantly between gi l ts pregnant after f i rst or second insemination, these data 
of the two groups were combined. 
E f f e c t o f l e v e l of energy _intake during_ rear ingon production t ra i ts 
The ef fect of the level of energy intake on production t ra i ts , which were 
Table 2. Production traits of the sows during pregnancy and at farrowing for 
four treatment groups 
weight before farrowing (kg)') 219 
weight after farrowing (kg)2) 197 
backfat thickness at 
farrowing (mm)2) 26.4 
heart girth at farrowing (cm)2) 132.5 
rate of gain during the last 
100 days of pregnancy (kg)2) 55.6 58.1 58.f 62.8 
') Coefficient of variation calculated as (residual standard deviation /mean)* 























found to be significant at 38 weeks of age, were also found to be significant 
at farrowing (table 2). Gi l ts wi th a reduced energy intake during the rearing 
period had a lower weight and a smaller heart g i r th and less backfat at far ro-
wing (p < 0.01). Gi l ts with a high energy intake during rearing lost more weight 
than sows wi th a low energy intake as a result of farrowing (p < 0.01), (see 
table 2). Production t ra i ts were corrected for significant batch effects 
(p<0.01). Rate of gain was increased during the last 100 days of pregnancy 
in gi l ts wi th a reduced energy intake during rearing. 
Ef fect of level of ener^y_mtak_e_durin£__rearmg_on reproductive__t_r_ai_ts 
The reproductive t ra i ts of sows wi th spontaneous oestrus for the di f ferent 
t reatment groups are presented in table 3. 
i) 
Table 3. Reproductive traits of sows with a spontaneous oestrus for the treatment groups 
conception rate after 
f irst insemination (%) 
ovulation rate 
embryonic survival (%) 
no of fetuses 
piglets born alive 
total piglets born 
average birth weight (kg) 























































') Between parenteses, the number of sows or l i t ters is given 
2) Coefficient of variation calculated as (residual standard deviation /mean) * 100 
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Gilts wi th a high level of energy intake (treatments 1 and 2) had a lower 
conception rate after f i rst insemination (67 and 64%) than gi l ts wi th a low 
energy intake (treatments 3 and 4; 76 and 76%, respectively, table 3). D i f fe r -
ences in conception rate were not significant after the second insemination 
between gi l ts of the four treatment groups. Because ovulation rate did not 
di f fer signif icantly between the pregnant and non pregnant gi l ts which were 
slaughtered, these two groups were combined. There was a significant inter-
action between treatment and oestrus number at conception for ovulation 
rate (p<0.05). Gi l ts wi th a high energy intake (treatment 1) had a higher 
ovulation rate as the oestrus number increased. Gi l ts wi th a low energy intake 
(treatment 4) had a similar ovulation rate at d i f ferent oestrus numbers (see 
table 4). Number of fetuses and embryonic survival were not af fected by 
energy intake during rearing. Total number of piglets born tended to be 
higher for gi l ts wi th higher energy intake during rearing (see table 3). Number 
of piglets born alive per l i t te r did not di f fer signif icantly among the four 
t reatment groups. Average bir th weight and the standard deviation of bir th 
weights wi th in a l i t te r were not af fected by energy intake during rearing. 
Table 4. Ovulation rate and total number of piglets born for gilts of the 










































Between parentheses,the number of gilts is given. 
The results of the regression of l i t te r characterist ics on sow data are presented 
in table 5. An increase in l i t te r size wi th 1 piglet resulted in a 26 gram de-
crease in average bir th weight (p < 0.01) and an increased standard deviation 
of bir th weight within a l i t te r of 3.4 g (p < 0.10) respectively. The correlat ion 
coeff ic ient between bi r th weight and l i t te r size was -0.33 (p < 0.01) and 0.15 
(p<0.02) between bir th weight and standard deviation of bir th weight. Age at 
insemination or weight at farrowing was not related to l i t te r size. Gi l ts w i th 
a higher weight at farrowing produced heavier piglets (p < 0.01) but had 
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also a greater variat ion in bir th weight of piglets wi th in a l i t te r (p < 0.10) 
than gi l ts wi th a lower weight at farrowing. 
Table 5. Pooled regression coefficients of average birth weight and standard deviation of birth weight 
in a l i t ter with (re)productive traits, within treatment and oestrus number at conception (model 1) 
N. y variable 
\ ^ 
x variable \ . 
first covariable 
age at insemination (d) 
weight before farrowing (kg) 
rate of gain during the last 
100 days of pregnancy (kg) 
second covariable 
l i t ter size 





5. 45 0.00 
-25.9 0.00 
standard deviation of 
1) 





























') except l i t ter size, all coefficients are multiple regression coefficients. 
*) all coefficients are simple regression coefficients. 
Gil ts which were older at the t ime of insemination produced l i t te rs wi th 
a greater standard deviation in bir th weights (p < 0.10). Rate of gain during 
pregnancy was positively related to l i t te r size but had no ef fect on the uni-
fo rmi ty of the l i t te r (see table 5). Rate of gain during the last 100 days 
of pregnancy was positively related to average bir th weight (pooled coeff ic ient 
of regression of bir th weight on rate of gain was 5.45 g.kg" (p < 0.01). 
Ef fect _of__oestrus number at__conception and induction on reproductive t ra i ts 
Gi l ts inseminated at a f i rs t or second spontaneous oestrus had higher concep-
t ion rates than gi l ts inseminated at an induced oestrus or at a th i rd or fourth 
spontaneous oestrus (p < 0.10, see table 6). Ovulation rate increased at a 
higher oestrus number, while at an induced oestrus the highest values were 
found (p <0.01). 
The ovulation rate in gi l ts wi th a f i rs t or second oestrus at the age of 8 
months was not clearly af fected by energy intake (see table 4). Gi l ts at the 
highest level of energy intake during rearing had a higher ovulation rate at 
th i rd or fourth oestrus than gi l ts at the lowest level of energy intake ( t reat-
ment 1 - t reatment 4 = 2.5 ova). The ovulation rate in gi l ts induced in the 
t reatments 1, 2, 3 and 4 were 14.1, 14.7, 21.0 and 18.8, respectively. Em-
bryonic survival was decreased in gi l ts mated at their f i rs t oestrus compared 
to gi l ts mated at a second or higher oestrus number. Gi l ts that were induced 
had a lower embryonic survival {50%) than gi l ts mated at a spontaneous f i rs t 
- 9 1 -
oestrus (67%). The number of fetuses was highest in gi l ts inseminated at 
the third oestrus or higher, while the gi l ts inseminated at a spontaneous or 
induced f i rs t oestrus had the lowest values (see table 6). The l i t te r size or 
number of piglets born alive was similar for the gi l ts inseminated at a d i f fer -
ent oestrus number and induced oestrus. The average bir th weight of piglets 
born f rom gi l ts with an induced oestrus was about 110 gram lower compared 
to gi l ts wi th a spontaneous oestrus. The l i t te rs of gi l ts with induced oestrus 
were less homogenic. The standard deviation of bir th weight wi th in a l i t te r 
f rom induced gilts was about 42 gram higher than from gi l ts with a spon-
taneous oestrus. 
Table 6. Reproductive traits of sows with a spontaneous and sows with an induced oestrus {Factor CO) 
conception rate 
after f irst insemination 
ovulation rate 
embryonic survival 
no of fetuses 
piglets born alive 
total piglets born 
average birth weight 
standard deviation of 
























































') Between parentheses, the number of sows or l i tters is given 
z) Coefficient of variation calculated as (residual standard deviation /mean) * 100. 
Discussion 
Production t ra i ts 
The increase in energy supply to gi l ts during the rearing resulted in a higher 
weight at f i rs t oestrus (Den Hartog and Noordewier, 1984). Heavy animals 
have an increased energy requirement for maintenance compared to animals 
wi th lower body weights kept under similar conditions (ARC, 1981). Therefore, 
gi l ts wi th a higher level of energy intake had less energy available for pro-
duction during pregnancy than gi l ts wi th a lower energy intake during rearing, 
as all g i l ts received 2.5 kg of feed per day during pregnancy. Therefore i t 
is logical that rate of gain during the last 100 days of pregnancy was decreased 
when energy intake during rearing was high. Differences between production 
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traits at farrowing among the four treatment groups however, were still 
significant (p < 0.01, see table 2). Gilts chosen for slaughter were compa-
rable to gilts that completed their pregnancy because their weight and backfat 
thickness at the end of the rearing period (38 weeks of age) and age at spon-
taneous first oestrus were similar. 
The weight loss at farrowing was dependent on the weight of the gilts. Gilts 
with a higher weight (treatment 1) lost 20.5 kg. Gilts of treatments 2, 3 
and 4 lost 19.3, 18.6 and 17.8 kg, respectively. If losses were corrected 
by substracting the weight of the piglets, which was not significantly different 
between treatments, the losses were 8.4, 8.0, 7.1 and 5.9 kg, respectively. 
Thus animals with an increased energy intake during rearing showed greater 
losses of allantoic and amnionic fluids and of maternal tissue. 
Gilts inseminated at a spontaneous oestrus, which became pregnant, had a 
higher weight at an average age of 38 weeks and had more backfat at an 
average age of 187 days than gilts which did not conceive at first insemination 
(weight 144 and 138 kg, p < 0.01 and backfat thickness 11.6 and 10.8 mm, 
p < 0.05, respectively). 
Reproductiye__traits_ 
Following statistical analysis of data reported in the literature, Den Hartog 
and Van Kempen (1980) also found a rather small difference in conception 
rate of gilts fed at high and low levels (80.5 and 82.6% respectively). The 
conception rate after first insemination agrees with that found by Van der 
Steen (1983) in a study with 409 Dutch Landrace gilts (71%). A high level 
of energy intake (2.5 M or more) for gilts during rearing seems to be detri-
mental for the conception rate. 
Gilts with a higher chronological age and inseminated at their third oestrus 
had a higher conception rate than younger gilts inseminated at the first oestrus 
(Pay and Davies, 1973; MacPherson et al., 1977 and Young and King, 1981). 
It can be concluded from the present experiment and from data of Van der 
Steen (1983) that with the increase of sexual age, but at the same chronolo-
gical age, the conception rate after first insemination decreases. 
Flushing for a period of less than 3 weeks after a period of restricted feed 
intake resulted in an increased ovulation rate (reviews of Anderson and Melam-
py, 1972 and Den Hartog, 1980). A high feed intake for a longer period also 
seemed to stimulate ovulation rate (Den Hartog and Van Kempen, 1980). 
Increased ovulation rate will only result in more piglets when the "maternal 
limitation" is not reached (Brooks and Cole, 1974). Since the number of piglets 
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born was similar for all CO groups (table 6) it can be stated that embryo-
nic death was higher in gilts with a high oestrus number at an age of approxi-
mately 8.5 months. However the data of the slaughtered gilts and gilts which 
produced a litter did not agree (table 6). When the number of fetuses is as-
sumed to be equal to total number of piglets born, the total number of "pig-
lets" born for sows in the treatments 1, 2, 3 and 4 was 10.4, 9.7, 9.7 and 
9.6, respectively. It can be concluded that there is a tendency for gilts with 
an increased energy intake during rearing to produce more piglets in the 
first l i t ter. Hovell et al. (1977) and MacPherson et al. (1977) also found an 
increased litter size when the level of feed intake was high during rearing. 
The combined data of the classes 1, 2 and 3 of the factor CO were 9.6, 10.0 
and 9.7 "piglets", respectively. These results suggest that a second oestrus 
at a medium age of approximately 8.5 months is most favourable for a high 
litter size. Van der Steen (1983) also found a smaller litter size in gilts insemi-
nated at the first oestrus than in gilts of the same chronological age but 
with a higher sexual age. 
Friend (1976) found a positive relationship between the weight of a gilt and 
the weight of its reproductive organs. In the present experiment, however, 
the litter size and embryonic survival were not significantly affected by energy 
intake during rearing. The pooled regression coefficient of litter size on weight 
at farrowing of the gilt was zero. The relationship between weight of the 
uterus and uterus capacity is not clear and needs to be investigated further. 
The effect of feeding level during pregnancy on birth weight of the piglets, 
reported in the literature, is not clear. Some reports mention a higher birth 
weight of piglets after intakes of metabolizable energy per sow per day above 
18 to 25 MJ (Buitrago et al., 1970; Henry and Etienne, 1978 and Walker, 
1983). Other reports however, did not show such effects (Lodge, 1969; Atinmo 
et al., 1974 and Libal and Wahlstrom, 1977). According to Close et al. (1984) 
there is a minimum level of nutrient supply which must be provided by the 
maternal diet and/or by the body reserves to ensure normal foetal growth. 
In the present experiment gilts with a reduced weight had more energy avail-
able for production, while gilts with a higher weight during pregnancy had 
more body reserves. The minimum level of energy required during pregnancy, 
as suggested by Close et al. (1984) was probably supplied in all cases. The 
pooled regression coefficients showed, however, that within the treatment 
groups rate of gain during pregnancy and weight at farrowing were positively 
related with average birth weight of the piglets. 
Gilts with an increased litter size had a higher rate of gain during the last 
100 days of pregnancy (0.88 kg/piglet, p < 0.01). Weight one day prior to 
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farrowing was then also increased (1.04 kg/piglet, p < 0.02). Van der Steen 
(1983) also reported that gilts which carried larger litters gained more weight 
during pregnancy. 
5 e .5![u s inftldÇîi.orl 
Induction of oestrus with PG600 in pigs resulted in an increased ovulation 
rate (Den Hartog and Van der Steen, 1981 and Paterson, 1982). A higher 
embryonic mortality in the induced sows was also found in the present experi-
ment. A complication in the present experiment was that the insemination 
of the gilts with an oestrus after induction occurred after the change of 
feeding level. The effect of induction on reaching oestrus (Den Hartog and 
Noordewier, 1984) and on ovulation rate seemed to be dependent on the weight 
or fatness of the gilts since the number of gilts in oestrus and ovulation rate 
was higher for gilts on treatments 3 and 4. The litter size, however, was 
not increased. Average birth weight and the homogeneity of the litter were 
lower in induced sows than in sows with a spontaneous oestrus (p < 0.05). 
Gommers et al. (1974) also found a lower average birth weight of piglets 
from induced gilts (1.24 and 1.45 kg). The number of piglets born alive, how-
ever, increased (8.7 and 7.7) compared with gilts mated at a spontaneous 
oestrus. 
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General discussion 
Studies reported in the literature have shown that reproductive performance 
of sows is related to their energy intake. Energy intake in gilts in relation 
to reproduction has not been studied very systematically. Consequently 
the results of the different,.studies on this subject have been conflicting 
(chapter 1). 
Reproduction in gilts may be affected by feeding level during various 
periods preceding sexual maturity. Such as the prepartal, the suckling 
and the rearing period. In addition, fertility of sows may be affected by 
feed allowance during lactation and during the interval from weaning 
to oestrus. 
Flushing 
An experiment was conducted with 113 primiparous sows to investigate 
the effects of variation in feed intake during a relative short time (flushing) 
on reproductive performance. Level of feed intake (2.5 vs k kg per day) 
from weaning until oestrus in primiparous sows had a more pronounced 
effect on the change of body weight than on the reproductive traits. A 
low weight at weaning coincided with a longer interval of weaning to 
spontaneous oestrus. However, it may be argued, that the treatments 
were too short in duration and that the differences in interval from weaning 
to oestrus were not significantly related to feeding level. Moreover, the 
period before flushing may result in carry-over effects. Therefore, studies 
on fertility require careful planning. The weight of the sow is also important 
because this may be related to the development of the reproductive organs 
(Friend, 1976). Despite the increase in body weight of sows during suc-
cessive parities, they will usually loose fat during their successive repro-
ductive cycles (O'Grady et al., 1975 and Whittemore et al., 1980). If the 
sows loose too much fat during lactation, the reproductive performance 
is reduced (Reese et al., 1982). A high body fat content at first mating 
of gilts can therefore be important. 
Rearing_ 
Rate of development of sows during rearing may affect the fatness and 
the reproductive performance. Elze et al. (1972, cited by Busch, 1976) 
assumed the critical time for development of the uterus and ovaries of 
gilts to be 70-160 days from birth. According to Günther (1974) reproduc-
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tive organs of non pregnant animals receive energy at a lower priority 
than the other internal organs. Therefore, it was decided to study the 
effect of the stage of development after rearing, as a result of four differ-
ent levels of energy intake, on sexual maturity (age at puberty) and repro-
ductive performance up to first parity. Depending on the weight of the 
gilts the treatments differed with respect to the energy level above main-
tenance with a similar amount of protein. The total energy allowances 
were about 3 M, 2.5 M, 2.1 M and 1.8 M (M = metabolizable energy re-
quired for maintenance) for treatments 1, 2, 3 and k, respectively. This 
feeding strategy was chosen because metabolic rate is closely related 
to metabolic weight (W ). Feeding level in terms of energy is mostly 
expressed as multiples of maintenance. Despite of the similar protein intake, 
protein gain of the pigs of treatments 3 and k was reduced as compared 
to treatments 1 and 2 (chapter 3). Pigs with a low energy intake are probab-
ly not able to express their full genetic capacity for protein gain (Kiela-
nowski, 1972 and Metz et al., 1980). 
Each of four l i t termates was assigned to one of four treatments. The 
energy intake of pigs fed restricted was dependent on the intake of their 
l i t termates at the high level and based on weight. Individual feed intake 
was unknown since the gilts were housed in groups of four. There was 
a tendency towards a reduction in the standard deviation for rate of gain 
of pigs in the same pen with a reduction in feed allowance. Feed intake 
may be dependent on the ability of the pig to consume feed, at the high 
levels of energy intake. At the low levels of energy intake, feed intake 
may be dependent on the pigs place in the social hierarchy (Den Hartog 
et al., 1981). In addition, in the same study the gilts were found to be 
more restless at a lower feeding level. However, in the calculations of 
fat and protein gain, it was assumed arbitrairely, that the energy required 
for maintenance (per kg metabolic weight) was similar for the gilts of 
the four treatments. This may result in an overestimation of fat gain 
and underestimation of protein gain at the low levels of energy intake 
(Cöp, 1974). 
Batch 
Age at first oestrus and the production traits were significantly affected 
by batch (chapter k and 5). However, no systematic seasonal and other 
systematical effects were found. Feed intake of animals on the same 
treatment differed between batches. This may result in differences in 
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rate of gain, weight and backfat thickness. Moreover, differences in age 
at f i rst oestrus of gi l ts in various batches were not systematically related 
to rate of gain and to season (figure 8 in chapter 4). Batch was included 
in the present experiments as correct ion factor in the analysis. The correc-
tions seem to be more important for production than for reproductive 
t ra i ts . Van der Steen (1983) also found batch effects for nearly all variables 
that were determined or calculated in his experiment. 
Aromat izat ion 
Animals require a certain body development and certain age before showing 
oestrus (McCance and Widdowson, 197^). The differences in mean age 
at f i rs t oestrus of sows with a spontaneous oestrus for the four t reat -
ment groups were relat ively small compared to the differences in weight 
(see table 5, chapter 4). Therefore age is more important than weight 
for reaching puberty. These observations are in agreement wi th the results 
obtained from analysed results in l i terature in chapter 1. Age at f i rs t 
oestrus of gi l ts was inversely related to their backfat thickness at the 
two higher levels of energy intake (table 7, chapter 4.) There was no rela-
tionship between backfat thickness and age at f i rs t oestrus in gil ts fed 
at the two lower levels of energy. 
Fat content in gi l ts may af fect reproductive performance in various ways, 
for example: 
1. aromatizat ion of androgens to oestrogens which may af fect the hypo-
physeal hypothalamic system. 
2. storage of oestrogens in fat depots caused by their l ipophylic characte-
r ist ics. 
The earlier onset of oestrus in animals wi th more fa t might be explained 
by the increased aromatizat ion of androgens. Androgens can be aromatized 
to oestrogens in muscle and adipose tissue (Longcope et a l . , 1978). This 
may part ly be counterbalanced by the increased storage capacity of fa t ter 
gi l ts. The combined ef fect wi l l be small. The negative feed back of oestro-
gens on the hypothalamus decreases as puberty approaches. Consequently 
the episodic release of LH increases (Ryan and Foster, 1980). The episodic 
release of LH stimulates ovarian act iv i ty and increases the amounts of 
oestrogens that are produced. A surge l ike release of LH occurs when 
the increasing concentrations of oestrogens surpass a certain level , fol lowed 
by ovulat ion. The additional amount of oestrogens (due to the peripheral 
conversion of androgens to oestrogens) in gi l ts wi th a high energy intake 
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may hasten the process of the positive effect of oestrogens on the surge 
of LH. 
It is further suggested that in gilts with a high energy intake the rate 
of oestrogen increase before oestrus is slower than in gilts with a low 
energy intake due to the greater storage capacity of oestrogens in fat. 
The time interval between the first increment of oestrogens and the LH 
peak will therefore be longer in gilts with a higher energy intake (Karsch 
et al., 1973). It may be expected that in fat gilts ovulation occurs later 
because the expression of oestrus behaviour is less sensitive to the rate 
of oestrogen increase (Helmond, 1984). Therefore, it may be postulated 
that ovulation occurs later in fat gilts during oestrus than in gilts with 
less fat. The lower conception rate for gilts with a high energy intake 
can therefore be caused by insemination at a point too early in time during 
oestrus (69% of the non pregnant gilts at the two higher levels of energy 
intake showed oestrus within 30 days after insemination). 
ÇiÇPiPily sli Ye_ -Pçr.!01"!!] a n c e 
The number of gilts culled and the percentages of gilts in oestrus and 
gilts pregnant in the four treatment groups are given in table 1. Treatment 
3 showed the highest percentage of gilts with an oestrus and pregnant 
after first insemination at the end of the rearing period. Gilts of treatment 
1 had the lowest values. The data presented in chapter k and 5 are summar-
ized in the same table by expressing the number of piglets born alive 
per 100 gilts at the start of the experiment at the age of 12 weeks. The 
number of piglets born alive per gilt shown in the tables 3 (after sponta-
neous oestrus) and 6 (after induced oestrus) of chapter 5 were used in 
the calculations. 
First of all it was assumed that gilts with no oestrus before the age of 
38 weeks or which were not pregnant after first insemination will be culled. 
A high energy intake during rearing ( î-2.5 M) resulted in a smaller number 
of gilts pregnant and therefore a smaller total number of piglets born 
alive within a herd and when oestrus is not induced. The results are also 
presented for a herd with 100 gilts starting at the age of 12 weeks and 
with application of oestrus induction. Oestrus was induced in gilts which 
did not show oestrus before the age of 38 weeks. The percentage of 
gilts in oestrus after an induction with PG600 was somewhat reduced 
when the energy intake was high (treatments 1 and 2). This can be explain-
ed by the fact that with an injection of 2 ml the dose per kg bodyweight 
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Table 1. Reproductive performance of gilts reared on one of the four 
energy levels from 12 until 38 weeks of age. 
Number of gilts 
Number of gilts culled 
during rearing 
Number of gilts at an age 
of 38 weeks 










with a spontaneous oestrus 69 
with an oestrus after induction 54 
pregnant after f irst insemination (%) 
after a spontaneous oestrus 67 














per 100 gilts at the start 
(12 weeks of age): 
pregnant after a spontaneous 
oestrus 










Table 2. Production traits of the gilts reared on one of the four energy levels 
at different times in the reproductive cycle. 
weight at: 
12 weeks of age (kg) 
38 weeks of age (kg) 
a day before parturition (kg) 
a day after parturition (kg) 
backfat thickness at: 
a weight of 99 kg (mm) 






























total energy intake from 
12 until 38 weeks of age 6352 
(MJ ME) 
feed intake per day from 
38 weeks until parturition (kg.d ') 2.5 
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in heavier gilts is reduced and therefore less effective. The difference 
in number of piglets born alive in the first litter between a herd with 
100 gilts fed at a high level of energy intake during rearing ( > 2.5 M) 
and a herd with a low level of energy intake (2.1 M or 1.8 M during rearing) 
was on the average 103. 
Production traits 
The production traits of the gilts reared at one of the four energy levels 
are presented in table 2 (see also chapter 4 and 5). The feed allowance 
of the gilts during pregnancy was similar, irrespective of their weight. 
Therefore the differences in weight between the gilts of the four treatment 
groups became smaller during pregnancy. The difference in weight between 
gilts of treatment 1 and k at 38 weeks of age was 'fl kg, while a day 
after parturition this difference was reduced to 30 kg. The change in 
backfat thickness during pregnancy was not determined. 
The total energy intake during rearing is also presented in table 2. The 
- i 
average energy content of the feed consumed was 12.^ MJ ME.kg (chapter 
3). The average feed intake during rearing from 12 to 38 weeks of age 
was 512, W7, 367 and 305 kg per gilt for the four treatment groups, respec-
tively. As shown in the present results the high level of energy intake 
during rearing decreased age at puberty to a small extent. However, high 
energy intake is associated with a greater total amount of feed consumed. 
A high energy intake during rearing up to the first litter resulted in a 
diminished reproductive performance. 
Longevity 
It was concluded from 2 studies at the Regional Research Centers for 
Pigs in the Netherlands that a 10-20% restriction of feed intake (both 
energy and protein) during rearing (from 25-110 kg live weight) resulted 
in a delayed first oestrus. The highest feeding level was approximately 
2.8 M. The number of gilts culled during rearing decreased as feed intake 
was restricted. Gilts that were not culled, with a high feed intake during 
rearing, produced more parities (Snoeijen, 1979 and Van Erp, 1980). Van 
de Kerk and De Witte (1983) also found that a 30% restricted feed intake 
both energy and protein during rearing (from 30-85 kg live weight) resulted 
in a delayed first oestrus. The highest feeding level was approximately 
3.0 M. Five litters were produced by more sows on the low than on the 
high level of feed intake. 
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In the present experiment 112 gilts were transported to another farm 
and their lifetime production data were recorded. At this farm, all sows 
had the same feed allowance. Reproductive performance, backfat thickness 
and heart girth were determined. Preliminary calculations showed that 
the treatments did not result in significant differences in number of piglets 
born per litter. The sows reared at the lower levels of energy intake during 
rearing (treatments 3 and 4) tended to produce more litters. Differences 
in backfat thickness at first parturition had disappeared at parturition 
of the second litter (Jongbloed et al., 1984, in preparation). High energy 
intake during rearing will result in a higher weight and increased backfat 
thickness at the start of pregnancy (chapter 4). However, since all pregnant 
sows receive 2.5 kg per day, the heavier sows received less 'feed for produc-
tion (higher proportion of feed used for maintenance). The differences 
in weight and backfat thickness between treatments will disappear if 
feed intake is similar for all animals. Therefore a low level of energy 
intake during rearing will result in a lower liveweight and less backfat 
at insemination, a higher rate of gain during pregnancy and afterwards 
and a lower weight loss at parturition (chapter 5) until weight differences 
disappeared. O'Grady et al., (1975) and Whittemore et al., (1980) reported 
about losses of backfat with the increase in parity. A high energy intake 
during rearing will result in adipocyte hyperplasia according to a review 
of Roth-Maier and Kirchgessner (1975). Extreme fatness later in the life 
of the sow may occur due to the greater number of adipocytes. This may 
be detrimental for her reproductive performance (Roth-Maier and Kirch-
gessner, 1975).However, according to Metz (1983), who reviewed literature 
concerning hyperplasia and hypertrophy of fatcells, an excessive fat ac-
cretion in pigs is primarily related to adipocyte hypertrophy and not to 
adipose cell numbers. From the literature and the present results it can 
be concluded that: 
- different degrees of fatness are obtained at puberty as a consequence 
of the levels of energy intake. 
- these different degrees of fatness are levelled out as a consequence 
of the feeding strategy during the successive reproductive cycles (similar 
feed allowance for all animals). 
However, some differences in fatness may have been maintained if the 
feeding level was applied in relation to the metabolic weight in these 
animals. Therefore, it may be expected that consequences of different 
energy levels during rearing are not related to hyperplasia or hypertrophy 
of adipocytes in the later life of the sow. 
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Samenvatting 
Vruchtbaarheid van zeugen is een belangrijk kenmerk in verband met hun 
produktiviteit. Vruchtbaarheid kan gedefinieerd worden als het aantal 
grootgebrachte biggen per zeug per jaar. Dit kenmerk is opgebouwd uit 
een aantal componenten zoals leeftijd bij eerste bronst, drachtigheids-
percentage, toomgrootte, interval spenen - bronst en levensduur van de 
zeug. 
De erfelijkheidsgraad van de meeste vruchtbaarheidskenmerken is laag 
en milieufactoren spelen dus een belangrijke rol bij de variatie in deze 
kenmerken. Voeding is in dit verband een belangrijke milieufactor. De 
invloed van de energie-opname op een aantal vruchtbaarheidskenmerken 
bij (opfok)-zeugen is onderzocht. 
Literatuurgegevens vanaf 1950, die op dit onderwerp betrekking hebben, 
zijn met behulp van de computer verwerkt. Uit de berekeningen bleek 
dat een verhoogd aantal geovuleerde eicellen bij gelten na een kortere 
of langere tijd van verhoogde energiegift niet altijd resulteert in meer 
geboren biggen. Dit lijkt zeker het geval te zijn wanneer de verhoogde 
energiegift de eerste maand van de dracht gehandhaafd blijft. Voorts 
bleek uit dit literatuuroverzicht dat de invloed van de energie-opname 
tijdens de opfok van gelten op vruchtbaarheidskenmerken niet altijd even 
systematisch is onderzocht. 
In een proef is de invloed van de voeding op de vruchtbaarheid gedurende 
een korte periode onderzocht bij 113 eerste worps Nederlands Landvarken 
zeugen. Na het spenen van de toom kregen de zeugen 4 of 2,5 kg voer 
per dag. Drie weken na het spenen hadden respectievelijk 65% en 53% 
van de zeugen bronst vertoond. Het interval spenen - bronst was respectieve-
lijk 9,1 en 8,2 dagen en het aantal geovuleerde eicellen was respectievelijk 
15,2 en 14,8. De grootte van de uterus en ovaria waren niet beïnvloed 
door het voorafgaande voerniveau. Zeugen die 4 kg voer kregen, groeiden 
4,1 kg tijdens het interval spenen - spontane bronst. De zeugen die 2,5 kg 
voer per dag kregen daarentegen, gingen 2,3 kg in gewicht achteruit. 
Het aantal geovuleerde eicellen werd niet significant beïnvloed door het 
gewicht bij spenen of bronst, noch door het gewichtsverlies tijdens de 
lactatie, noch door de groei tijdens het interval spenen - bronst of door 
het aantal geboren biggen. 
Zeugen waarbij 21 dagen na spenen de bronst geïnduceerd werd, hadden 
meer geovuleerde eicellen dan zeugen met een spontane bronst (p < 0.01). 
Zeugen die geen bronst vertoonden voor dag 21 na spenen hadden dezelfde 
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verliezen aan gewicht, aan spekdikte en aan borstomvang en eenzelfde 
gewicht en spekdikte bij spenen als zeugen met een spontane bronst. De 
zeugen met een bronst tussen 10 en 21 dagen na spenen, hadden grotere 
verliezen aan gewicht en spekdikte tijdens de voorgaande lactatie in verge-
lijking met zeugen met een bronst binnen 10 dagen na spenen. Een hoog 
voerniveau na spenen van eerste worpszeugen is belangrijk, niet zozeer 
om het aantal geovuleerde eicellen te vergroten, maar om conditieverlies 
tegen te gaan en om bronst te bespoedigen. 
Vervolgens is een proef met opfokzeugen uitgevoerd. Vanaf een leeftijd 
van 12 weken werden in totaal 680 opfokzeugen aan één van de vier gehan-
teerde energieniveau's toegewezen om de invloed van de energie-opname 
op vruchtbaarheidskenmerken te onderzoeken. De energieniveau's waren 
vastgesteld op basis van literatuur en eerder uitgevoerde proeven. De 
behandelingen waren: 
1. energie voor onderhoud + 100% energie voor produktie ("ad libitum"; 
_+ 3 M, M = de energiebehoefte voor onderhoud) 
2. energie voor onderhoud + 75% energie voor produktie (+ 2,5 M) 
3. energie voor onderhoud + 56% energie voor produktie (+ 2,1 M) 
4. energie voor onderhoud + 42% energie voor produktie (+_ 1,8 M) 
De eiwitgift per dag was, afhankelijk van het gewicht van de gelten, voor 
alle beha.ndelingsgroepen gelijk. Vier dieren uit één toom werden verdeeld 
over de 4 proefbehandelingen, zodat de proefgroepen genetisch vergelijk-
baar waren. 
Een verschillende energiegift bij een gelijk eiwitaanbod werd verkregen 
door 2 basisvoeders in een verschillende verhouding te verstrekken. Een 
verandering in energiegift resulteerde dan ook tevens in enige verandering 
in het grondstoffenpatroon. Met 16 gelten van 35 kg en 16 gelten van 
64 kg zijn 2 achtereenvolgende balansproeven (bepaling van energie en 
N in voer, faeces en urine) uitgevoerd, om de invloed van de behandelingen 
op de verteerbaarheid van voederbestanddelen en de metaboliseerbaarheid 
van de energie na te gaan. De verteerbaarheid van de energie (gemiddeld 
83,5%) werd niet beïnvloed door de behandelingen. De verteerbaarheid 
van eiwit en ruwe celstof was hoger voor de behandelingen met een lagere 
energie-opname (p < 0.01). Behalve eiwit werden alle componenten van 
het voer beter verteerd door de zwaardere varkens (p < 0.05). Hierbij 
dient opgemerkt te worden dat met een verandering van het gewicht van 
de varkens ook de samenstelling van het voer wijzigde. De energie-inhoud 
per kg voer (op basis van metaboliseerbare energie) werd niet beïnvloed 
door de hoeveelheid opgenomen energie. Met behulp van groei en energie-
opname is de eiwit- en vetaanzet berekend. 
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Bij eenzelfde opname aan verteerbaar ruweiwit was de eiwitaanzet_geredu-
ceerd wanneer de energie-opname lager dan 2,5 M was. Eiwit werd dan 
als energiebron gebruikt. De vetaanzet nam toe wanneer de energie-opname 
ook hoger was. Van 12 tot 38 weken leeftijd kregen de gelten één van 
de vier energieniveau's (gemiddeld 3 M, 2,5 M, 2,1 M of 1,8 M). Vanaf 
een leeftijd van 38 weken kregen alle gelten een voergift van 2,5 kg per 
dag. Gelten die vôôr een leeftijd van 38 weken geen bronst vertoonden, 
werden met een bronst-stimulerend preparaat (PG600) ingespoten. In totaal 
werden 290 gelten aangehouden om een eerste worp te produceren en 
werden 224 gelten geslacht om het aantal geovuleerde eicellen te bepalen. 
Bij de hoogste twee energieniveau's vielen meer gel ten tijdens de opfok-
periode uit (9,3 en 7,7%) dan bij de laagste twee energieniveau's (2,4 en 
4,7%). Het aantal gelten met een spontane bronst voor een leeftijd van 
38 weken was niet significant verschillend (69, 75, 71 en 68%, respectieve-
lijk). 
Hoewel op het moment van verhokken van de gelten (bij een leeftijd van 
33 weken) op de hogere energieniveau's significant meer gel ten bronst 
vertoond hadden, was dit verschil twee weken na het verhokken verdwenen. 
De groei per dag en __de__spekdikte bij een gewicht van 99 kg en bij een 
leeftijd van 187 dagen namen toe wanneer de energie-opname hoger was 
(p < 0.01). De leeftijd en het gewicht bij de eerste bronst waren respectieve-
lijk 234, 237, 237 en 244 dagen en 139, 131, 118 en 109 kg. Het bereiken 
van de geslachtsrijpheid wordt dus meer bepaald door de leeftijd dan door 
het gewicht. Bij de twee hoge energieniveau's (3 M en 2,5 M) was het 
verband tussen de leeftijd bij eerste bronst en de spekdikte negatief 
(p < 0.05). Bij de lage energieniveau's (2,1 M en 1,8 M) was dit verband 
afwezig. Bij gelten met een hoge energie-opname tijdens de opfok is kenne-
lijk een bepaalde hoeveelheid vet in het lichaam vereist om bronstig te 
worden. Wanneer de energie-opname lager dan 70% van de ad libitum 
opname is, kan de eerste bronst later worden verwacht. Een hoge vetaanzet 
tijdens de opfok is niet nadelig voor het bereiken van de geslachtsrijpheid. 
Het percentage gelten drachtig na eerste inseminatie was lager bij de 
proefgroepen 1 en 2 (67, respectievelijk 64%) dan bij de proefgroepen 3 
en 4 (76, respectievelijk 76%, p< 0.10). 
Het aantal geovuleerde eicellen en ook het totaal aantal geboren biggen 
tendeerde tot hogere waarden bij de gelten met een hogere energie-opname 
(15,0, 14,7, 14,7 en 14,0 geovuleerde eicellen en 10,3, 9,6, 9,3 en 9,3 gebo-
ren biggen voor de proefgroepen 1, 2, 3 en 4 respectievelijk). 
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Het gemiddelde geboortegewicht van de biggen en de homogeniteit van 
de toom (gemeten als standaardafwijking van de geboortegewichten in 
een toom) waren niet beïnvloed door de energie-opname tijdens de opfok. 
De verschillen in gewicht tussen de gelten van de 4 proefgroepen bij een 
leeftijd van 38 weken werden ten gevolge van dezelfde voeropname tijdens 
de dracht gedeeltelijk gecompenseerd, maar bleken ook bij het werpen 
nog significant te zijn. De gewichtsverliezen tijdens het werpen waren 
hoger voor de gelten van de proefgroepen 1 en 2 dan van de proefgroepen 3 
en 4. Ook wanneer deze verliezen gecorrigeerd werden voor het gewicht 
van de geboren biggen in de toom bleven de gewichtsverliezen verschillend 
(resp. 8,4, 8,0, 7,1 en 5,9 kg). Zeugen met een hoger gewicht bij het werpen 
en zeugen met een hogere groei tijdens de laatste 100 dagen van de dracht 
produceerden zwaardere biggen (regressiecoëfficiënten b. = 2,68 g.kg 
— - _j l 
en b~ = 5,45 g.kg respectievelijk, beide p < 0.01). 
Het effect van een PG600-injectie is afhankelijk van het gewicht en de 
vetheid van gelten. Het percentage gelten bronstig na inductie was namelijk 
hoger bij de proefgroepen 3 en 4 (88 en 73%) dan bij de proefgroepen 1 
en 2 (54 en 68 %)• Het aantal geovuleerde eicellen bij gelten na bronstin-
ductie van de proefgroepen 3 en 4 was 21,0 en 18,8 ten opzichte van 14,1 
en 14,7 bij gel ten van de proefgroepen 1 en 2. Gel ten geïnsemineerd bij 
een geïnduceerde bronst hadden evenveel biggen bij de eerste worp als 
gelten geïnsemineerd bij een spontane bronst. Wel was bij geïnduceerde 
zeugen het gemiddelde geboortegewicht van de biggen lager en waren 
de tomen iets meer heterogeen. 
Een hoge energie-opname tijdens de opfok ( 5.2,5 M) resulteerde in meer 
uitval, minder gelten bronstig na inductie en minder gelten drachtig na 
eerste inseminatie. Uitgaande van 100 gelten opgefokt vanaf een leeftijd 
van 12 weken op een energieniveau van 2,5 M of meer en geïnsemineerd 
bij een leeftijd van 8,5 maanden zonder herdekkingen, produceren deze 
in totaal 103 biggen minder in de eerste worpen in vergelijking met gel ten 
opgefojct op een energieniveau van 2,1 M of 1,8 M. -^ 
Voorlopige resultaten uit een vervolgonderzoek laten zien dat de vruchtbaar-
heid in de volgende worpen niet significant verschillend is tussen de 4 proef-
groepen, terwijl de verschillen in spekdikte die bij de eerste worp nog 
aanwezig waren, bij de tweede worp verdwenen lijken te zijn. Uit het 
oogpunt van zowel voerkosten als reproduktieresultaten is een energie-
opname door opfokzeugen van meer dan 2,1 x onderhoud (2,1 M) nadelig 
bij een aanbod van voldoende eiwit. 
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